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Preface 


In 1946 I was faced with the problem of teaching a course in 
undergraduate experimental psychology with no available text 
seeming suitable for background reading. Therefore, I started to 
bring together certain materials to be mimeographed and issued 
to the students as a substitute for a text. These materials were 
revised and expanded from quarter to quarter until the present 
final draft was written. 

I am of the opinion that subject matter (content) and method- 
ology shoiiM not l)c divorced in an experimental cotirsej one with- 
out the other is deadening. However, since 1 have done no accept- 
able re.iear<‘h oti these i>r(ji>lenis, my opinion may be in error. And, 
although T ^et up the objective of continuous unification of method 
and cotuent, I nmst add quickly that I was unable to attain the 
objective completely. At some point in the writing it became 
apparent that to keep the text to a reasonable size some omissions 
would be necessary. The major omissions, as I see them, should 
be pointed out. (i) Factual data on the sensory (dUcriminal) 
processes. I found that I could not handle adequately the factual 
rdationships which have stemmed from the great flow of research 
in this area and still give a comprehensible account of the methods. 
I chose methods, (a) Physiology tsf sense organs andj^nervous 
system. Because this material is not unique to psychology it was 
excluded. (3) Details of apparatus construction. I have eliminated 
nearly all engineering from the book; references to a piece of 
apparatus are in terms of how it is used, not how it is made. 

In mimeographed form the text has been used in a two-quarter 
course for which Elementary Statistics was a prerequisite, and in 
a year course where statistics was taught as an integral part of 
the methodology. I believe that the factual subject matter can be 
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c<inn»cUtintU'il rcmlily wlthuut a MUJistitMl kiuivvU*tlji;f, hut a lull 
apiwet'ijitvon t»f cxpmtt«‘ut,il junhlnu'. iftpiirt's !«nu«* 

statistu'ul thinking. 

Tlic i*xpeiin«*ntal illustruiions ummI thtnimhout ai'c, lor thr must 
part, rpccntly publishrd. lu uu)st .iums I lirlifvt* iht* trmprr t»f 
coutpiupur.iry rcstMicIi is iUcuratoK' n'llortnl. In wuur iusuuuTs 
I have altcmptnl to the intuit* tit'iuK of expriiiurntatinn. 

It will also Ilf noted that I have reporlfd some expeiimeuts whieh 
in ray opinion were ptiorly conceived, execiitetl, ov interpretevl. 

I think it is clear that 1 have done this for pt'da.v^oitieal leasoii'i and 
with no thought of malice. 

The entire final draft was read critically by R. M. Elliott, Editor 
of the Scries, and by Claude £. Buxton and Kenneth MacCorqutw 
dale. Parts of the final draft were read by R. W. Kleemcicr and 
O. P. Duncan, who were also kind enough to use, the mimeu* 
graphed edition in their classes and gather student reaction as well 
as make suggestions of their own for revision. To rralixe fully my 
indebtedness to all these men I need only glance over the many 
pencilled notes which they made ou the dralhi. laiuiae iluUeiwixid 
hsis cuntrihuli'd toward the cinrifying of exprraslou atttl has helped 
with the proofs. Marion Cisar checked the references and was ahle 
also to type and "uusplU" infinitives ainrallaueously. 

IVrniissian has been granted by many publisliets and editois 
to reproduce figures or passages, and I gratefully acknowledge 
tlrcsc permissions: The Amerieau Psychological Asstiriatum far 
its several journals; Prof. R. S. Woodworth for Archim of 
ckology; Prof. K. M. Dallcnhach for American Journal of Pjtyt/uh 
logy; Dr. Carl Murcliison for Journal of Prychologyi Journal q/ 
Gmral P^chology^ and Journal qf Gantlie Psychology ; the editors 
or publishers of Journal <f Educational Pqycholagy; Journal qf 
Comparalm Psychology; PsychiAby; and British Jovmd qf Pqycho^ 
logy, and the following publishing firms: University of Chicago 
Press, University of Iowa Press, Duke University Press, Columbia 
University Press, Yale University Press, National Society for 
Study of Education, Appleton-Century-Ctofts, Inc., Henry Holt 
& Co., Rinehart & Co., Longmans, Green & Oo., Ronald Press 
Company, and Harper & Bros, The original source is given in 
each case. 

Evanston, Illinois 


B, J. U. 



Contents 


PAGE 

PBEPAOE V 

CHAPTER 

I. Introduction i 

11. DLscriminal Processes; Methods of Study I . . 24 

in, lywrruuiiuil Pr<»cc.s.scs: Methods of Study II . . 65 

IV. Disvriiniuivl Proam's: Methods of Study III . 95 

V. Diseriiuhud Processes: The luIUicticc ol'Gcnorsd 

Viiriiihlcs 1 17 

VI. Mcxiiv.uiou 156 

VII. Krustv.itvou , aoo 

Vlll. Clotillk't 241 

•IX. Tniiwl'er ofTruininK 281 

•X. Design Methods III and IV 323 

XI. Learning I; Conditioning 340 

XII. Learning II: Multiple-Response Learning . . 384 

Xni. Learning III : Thinking 429 

•XIV. Learning IV: Theoretical Problems .... 466 

'XV. Forgetting -Retention 509 

'XVI. Work 555 

REFERENCES 595 

AUTHOR INDEX 617 

OLOSSARY AND SUBJECT INDEX 623 

ni 




Experimental Psychology 




nilAPTES. I 




THE BASIC CONCEPTS OF EXPERIMENTAL 
PSYCHOLOGY 

Human responses are tlie baste data 4tf study by j>syelK»logists. 
People have dreams, they get manted, they learn the ulphatxt, 
they bet on iiorse rarcs> Why do these responses oeeur.’ "Why 
do people dream?” "Why do pMtple bet on horse r.iees?” In ask- 
ing sueh (|uestions we hnniediatrly imply that all these events 
huve it ciiiise and, if we ask the questions shuTtrly, we ptrsupj«»e 
a ilheoverable ettuse, We imply that tlietr tmjst be eeitain eon- 
ditions whieU lead i<t drejimiitg uud m betting t»u horses, The 
events whi<»h the psyehologist attempts to lelate tjr disrover are 
thus evideivt! pwihalufihh oUmpt la HtUtmint (ht ntlatiomhipi httwm 
mpomes oj the oifimnsm anti (ht rmis whkh ptonpt (host itspmtu 
All aeienees attempt to rsubUsh iTlationsliipi heiwern events. 
It is a jHin tif the ttisk of die scientist to find these relatianshipt 
and state them in u fashion that will he agreed to by other scien- 
tists. 'riiul we. have dilferent names, such as physics, chemistry, 
botany, asttonoiny, psychology, applied to scientific endeavors 
stems largely fioin the fact that there arc diftVrenl classes of events 
widtin wltii'h one may seek to establish relationships. 'I’hus, the 
physicist is concerned hirgely widt rerluiii events among inanimate 
objects; tite. botanist with e.vents relating to the growth and struc- 
ture of plant life; the zodlugist with growth and structure of 
animals, and so forth. DilTcrcnt sciences represent divisions of 
labor; their basic task, however, remains the same, 

Stixuuliu tuid reaponae. A response is an oluervuhle change in 
behavior, this change being an activity efTected by muscles or 
glands. An event which elicits a response has come to be known 

t 
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as a stimulus. No aUctiuatf f'^neral dcliaitittu of a sihtiuhis can lit* 
given without vefcrenre to the oeouriTnce of a irsjiouse. Kxurnal 
stimuli are originally energy ehanges in the environment, hut not 
all such changes are stimuli. Qnly those energy clumges which 
produce responses can be. said to be stimuli. 

We are prone to think of stimuli as events originating outside 
the organism; a loud noise causes a startle; a red light prttduces 
a brake-depressing response. While it is true that many <jf our 
responses are initiated by external energy changes to which t>\n 
receptors (sense organs) are sensitive, it ntust he recogni 2 «*d also 
that many stimuli are inlerital in origin. Hunger pangs iwe just us 
truly response-producing as ai'e external stintuU. We must not, 
then, limit the conception of stimuli to external changes. Internal 
stimuli not only influence behavior but some may also be indi- 
rectly controlled and varied by manipulating the ciivironinenl 
outside the organism. Since we are to study mctliods by which 
relationships between responses and conditions prompting those 
responses are detcmune.d, technitiues <if c<intralling and manipu- 
lating both external and internal sthmili nmst eome under our 
surveillance. 

Experimental fknmowork. In diagrammatic fornt (Fig. t) we 
may suggest the experimental framework of psychology, In tlie 
experimental situation it is recognized that there are a multitude 
of stimuli (Sj, Sj, . . . Sn) impinging upon the organism. It is aUo 
recognized that there are identifiable and unidentifiable conditions 
witliin the organism which may influence the response or re- 
sponses we are interested in measuring. 77« basir tupmnmtal 
pnetdun is that w« hold all stimuli eonstanl exetpi one and this one 
we manipulate or vary as our demands dictate. If we can show 
that the response changes in some systematic fashion as tlie 
stimulus changes, we have established one causal condition of a 
psychological event. 

Figure i indicates that there may be many responses Rl, 
. . , Ra) made by the organism upon which we are experimenting. 
The experimenter, then, arbitrarily measures a response (or re- 
sponses) in which he is particularly interested and which he 
thinks is some function of the stimulus he is manipulating, i,e., 
is dependent upon the stimulus. To be sciendficaUy us^, all 
that is required is that the response be in some manner measur- 
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ahli*. ft ii jhi'imI)!?*, ot louist*, .u winif luvt* oonimlecl 
tfiat Jii.my fvtU'Uit'ly .>!i«uUuMHt ifspiHtsci art' «v*'rftK»kt"tl or 
it^nttretl in lu.iuy «*\j)»‘Uia<*atN. Si»«nituMut wsjumism would be 
those which, if wouhl us fficatcr inid(‘i standing ol 

the pheiuHiicuon I icing Ui\ ostiiiaU'd. 




OHRANtSM 




li, 

R, 

Ri 



Ftu. I. The aciMuimenut fhunework of piycholotw. ,S?„ iS\, . • • indicate 
stimulus ewnto of »n unknown number, both in tne envirwimrat and in the 
organism. A|, . . . Sh indiente reiponics of the organum to the stimuli. 

Kripiinset "turned back in" the organism A| Ht) take nute of the fart timt 
iYi|ioiisri ntay in turn become stimuli influencing later mimnses. Experimental 
jwyeholoKy at the empirical level Is concerned wlilt the discovery of the laws 
wliieli Imlil between the stimulus events and the response events. If tliis diagram 
seems Urrless, rousider the square a tuno and add legs, arms, and a head. 

It was iacUrated above that in an experiment all stimuli except 
one must he held constant. One of tlie fundamental parts of train- 
ing in expcriincutal technique is to be able to evtduate an experi- 
mental design- -a detailed outline of a proposed experiment— 'from 
the standpoint of how well all stimulus conditions will be con- 
trolled, and thus how precisely a response can be said to be caused 
l>y a specific stimulus event. Th«e stimulus conditions which are 
known to have an influence on the responses of the organism 
are called stimulus variablts. Stimulus conditions whose influence 
on a given phenomenon is not known, we shall call potential 
stimalus variables. If all known or potential stimulus variables 
are not controlled — held constant — at the time another stimulus 
is being experimentally varied, we confuse the relationship which 
the experiment is attempting to establish. You will find that only 

* Numben occurring in parentlmit refer to the «ource of the citation « lilted 
in alphatedcal order at the end of the book. 
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a faveful and critifid acmtiny t>f jhint snun- tairt'utly 

and some poorly tlcsiHoed, will allow t«w tt» tievrlop a "lerl’* lot 
sound procedure. Uxerciscs to enli.ini't‘ ihit tr.iiitiu);( hluiuUI he ii 
part of your laboratory exjterienm. 

ILLUSTRATIONS OF THE BASIC CONCEPTS 

Let us consider some shnple exjM'Yimenial tlesit*ns IVtmi the 
standpoint of their adctiuacy of rimtrol «)f stiniulus etMuliiiuns. 
At tire same time we will get illustrations of the concepts which 
have been introduced. Since experimental procedure is hasieally 
the same for most sciences, the lirst hypothetical expciiinent is 
taken from the field of horticulture. 

A florist spcciali/.es in orchids. For many years he has raked 
orchids of several difTcrcnl varieties. It has occurred to him that 
perhaps all of his strains are. not equally productive. For example, 
he has three strains of orchids all of wliich produce yrllmv blos- 
soms. The question, and a very practical one, which hr puts t«> 
himself u: “Do all of tlic.se three strains prtulucc an equal number 
of blossoms of tlic same slac Tf there nrr differenew it might 
be worth while financially to llnd out which seed produces 
most enicienily. An experiment is devised (o help provide the 
answer. 

Now, there arc several “stimulus" variables which the florist 
has to control. For example, we may name the amount of moisture 
each seed gets from planting lime to maturity. Since moisture 
influences plant growth, the amount of this vaviaiile wouhl liave 
to be the same for all three strains. The fertility or chemical com- 
position of the soil or solutions would have to be the same for all 
plots in which the seeds are planted. A soil analysis might be 
made in order to insure this. There are other variables, such as the 
amount of sunlight, the temperature, the slope of the ground, and 
so forth, which may be known or suspected to influence the 
growth differentially. They would, therefore, have to be the 
same for all seeds. Obviously not just one seed would be used 
but rather a good many, so that there would be a good represen- 
tation of each strain. In summary of his procedure, then, the florist 
knows that in order to get a clear-cut answer to his question, he 
has to keep all factors (stimulus variables) constant except one — 
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thf type ut‘ seed. 'I'Uis variable, the type of seed, is his experi- 
mental or manipulated variable, or ns it U usually called in 
jaycholoHicul experiments, the indapaidtnlt mriablt. The Jlorkt^s 
pToettIute givfi all seeds an equal oppotUauly to produce orchids. This is 
fontrolletl exp<‘rimentaUon. 

To carry the experiment through to a satisfactory conclusion 
the florist would maintain constant conditions throughout the 
growth period (which is actually several years for orchids), and 
then attempt at the appropriate time to measure which strain of 
seed made the “best response.” If his judgment of these responses 
is unbiased, he will be able to provide himself with at least a 
restricted answer to his original question. It is necessarily a restricted 
answer — the generalization he can make is sharply limited — ^because 
he docs not know (without further experimentation) what seed 
would produce the finest orchids under conditions other than 
those which prevail in this experiment. It is possible, for example, 
that at a difierent temperature level another seed would produce 
more cHicicntly. Nevertheless, he can state a reliable finding-— a 
rclatiunship between his seeds on the one hand and tlie products 
of tluai' .seeds ou the other. This relationship is not subject to 
doubt if he carries Im experimental procedure through in a 
carefully controlled manner. 

Now let us suppose that the florist did not control the moisture 
of the soil. Without thinking, perhaps, he may have watered one 
plot of ground more than the others. If this were the case, we 
would challenge the purported relationship which he tliought his 
experiment demonstrated. We might insist; "But you don’t know 
whether the diflcrcnccs in your orchids were a product of the 
differences in the seeds as such or of the differences in the moisture 
provided to those seeds.” In a true scientific sense he has no answer 
to such a comment; his experiment has “proved” nothing except 
the need for more careful procedure. 

It may be stated categorically that errors in the design of psy- 
chologic^ experiments are relatively easy to make. Psychological 
experiments, as compared with the florist’s experiment, are really 
considerably more difficult to evaluate because there are so many 
stimulus conditions — stimulus variables — that it is often difficult 
to know whether or not we have them ail controlled. It cannot 
be stressed too strongly that the beginning experimentalist must 
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tlevcktp a cvilical eye fur experirncutjil tletVcti ii‘ hr rxjjrtw tu 
carry on. soiintl rescarrh ur rvaliiate t^tiirr jr^ratrh. Like ail 
lenrned behaviur, this must be prarticeil c(in*«tantlv. 

Now consider a hyputlietical psyrliuluxiiMl expeumeut whiilj 
parallels die urn* performed by the Huiht. Au adveiti'.iir,'; ajjieueyi 
suspecting that there must be dUrereners itt the eUieieuey of 
various types of printing, decides to ran an experiment to dia* 
cover which of three types of print is tlic most quickly read by ati 
adulti This problem is a real one to the agency, sitiee the onteome 
of advertising depends in part uiimi how tpdt'kly the reader gets 
the message which the advertisement intetuts to rotivey. U one 
form of print is the most efficient, it could be used ntoat frequently 
in the layouts. 

The independent variable in this advertising experiment is the 
type of print. This stimulus condition will be varied in three ways 
by using three different print types. The rcspt)nsc' variable, the 
dependtnt variable, will be the speed of ronipr<*hetufit»n of each 
of the three print types. What arc the stimulus variables which 
need to be considered and controlled ? Or, parallelittg the ffori«t*t 
experitncni, what do we have to control that is shnStar to the 
moisture content, the fertility of the soil, and so forth? Actually, 
the number of these conditions which would have to bo controlled 
is unknown. Many of them would be knowit, Itowever. We should 
think of this problem by asking ourselves the qumtions "What 
factors might influence the speed of comprehending the print 
typea in addition to the print types as such?" Such /actors fall 
into two general classes: manipulable stimulus variables and subject 
variables. 

By manipulabU stimulus aariables we mean characterisdea of the 
experimental environment (including the task itself) which the 
experimenter can vary and control. In this experiment, illustra- 
tions of manipulable variables would be such things as the words 
or sentences lued to exhibit the print typej the length of time 
the material was shown to the subject; the length of the experi- 
mentsd period; time between successive presentations; the amount 
of light in the room. 

By subject vandblu wc mean characteristics of the subject which 
might influence the response. These are almost unlimited In 
number, examples being chronological age, mental age, sex, 
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ainouut of education, visual acuity, and home background. These 
are all at least potential variables, since it is reasonable to suspect 
tliat diey might influence the speed with which the material is 
comprehended. 

To execute the experiment we must be sure that all of the 
manipulable variables, known and potential, are held constant 
while perceptual speed for each print type is measured. If we 
use a different group of subjects to measure the perceptual speed 
for each print type, we must be certain that the groups do not 
differ significantly on any known pertinent subject variable. We 
allow only one factor-print type-to vary.* 

We shall not attempt at this time to detail one of various meth* 
ods by which such an experiment could be executed. A careful 
study of the methods, and reasoning behind them, by which this 
and many other different kinds of psychological experiments can 
be performed is one of the major purposes of the entire book. We 
will probably find it less overwhelming if the methods and their 
rationale are brought before us in small, btit systematic and per- 
sistent doses. 


DIMENSIONS 

We need now to enlarge on the concepts of stimulus and re- 
sponse variables and to add to our basic ideas concerning the 
framework of experimental psychology. 

When any given phenomenon can be demonstrated reliably 
(consistently) to vary in amount with respect to some specific 
characteristic, we have a dimmsion. The characteristic xa&y be 
any one of many things. In the physical world, such character- 
isdes as length, weight, and temperature are common dimensions 
used in describing natural phenomena. Clearly, objects can be 
reported reliably as varying in length, weight, or temperature. 
Does human behavior vary in certain characteristics and can 

* Modem statistical discoveries have made it possible to manipulate several 
variables in a single experiment and still assess the influence of each. Such 
experimental designs actually consist of several experiment) in one, in which 
each conforms to the basic rule of manipulating a single variable. ^ The 
statistical techniques reauired to evaluate the complex designs are typically 
taught only in advanced courses. Our emphasis, therefore, will be upon the 
simple case of manipulating only one variable while holding all others 
constant. 
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thfSf vjriatit»m lit* rcportfil rt'liably.-' tJt'rwiiily, lur tin w»* Jtt»t h4Vr 
vtiviaUtius whJt'h cati ht* nit'asuml rdiahly in stijt-rtl ul tr.uaintj, itj- 
tellingenct*, visual acuity, atiil su Until.* Imlccil, .m\ wtml uscil to 
tlcsc'iibc luuaiiu behavior iiMlicatcs a cluu.utctkiii wliUli nuxht 
be cUnicnsiunaliA-tl, 

The liiiiiculty wiiich lies iu the way of tUiueiisioii.ili/iiim inatiy 
beluivior diuraeteristics is that reliable iiteasuieiiieiits <»i‘ thetu 
cannot be made, i.e,, the unnnmts of tlie eiiaracteiistie jiteaent in 
individual cases cannot be agreed upon. 'I'akt*, for example, sense of 
humor, a characteristic of hehavior we often jiulge in others. We 
would all agree that difFerenl uinounts or degiees of tliis character- 
istic eidst, and yet ifwc attempted to diinensionali^se this chaiacter- 
istic wc would probably run into a great many dillicultit'S. We 
would probably find that we do not agree on wliat constitutes a 
good sense of humor or a poor sense of humor and aa a conse- 
quence, my estinvtttiou of X’s sense of huinoi* might vary markedly 
from yours. We arc forced to use our judgmrtits to “measure” this 
cliaractcrlstic because we have nt» lustrumrnt.s wliirh will do tlie 
job. In tills ciue our judgtnent as the measuring itistniment Is quite 
unreliable. We ivould all lx* fairly consistent in our iricasurement 
of tlic height of au iuiUvidual but quite incotwistent hi tmr “inea*- 
ureuicui” of his sense, of humor. When a characterbitic cfttmot be 
dimensinnaliacd in the manner we hnve descrilicd, iu luefulivess 
as a scientific concept is sliarply restricted. 

When a eliaructeristic of bclmvior can he elimensionnii/ed, we 
tiicn speak of it as a rtspma dimension. If the characteristic or 
characteristics of tlie stimulus which produces varkthm in re- 
sponse can be dimensionalized, wc may then speak of a sttnitdos 
dmeasiott. If a pure tone is made to vary in frequency (cycles 
per second), tlie subject usually reports tJiat be hears a oon- 
comitant variation in pilch. Cycles per second is thus the stimulus 
dimension, and perception of pitch changes correlated with it 
make up the response dimension. Or, rate of learning varies as a 
function of the degree of meaningfulness of the material. Mean- 
ingfulncss is the stimulus dimension; rate of learning the response 
dimension. 

It now becomes apparent that stimulus dimensions arc also 
stimtdus variables as we have used the latter term previously. 
Stimulus variables are related to variations in response; so are 
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stimulus dimensions. What is the difference? I’hc difference as 
used here is that stimulus variables include stimulus conditions 
which arc not dimensionalizcd. A non'dimcnsionalizcd stimulus 
variable produces changes in the response but we are not able to 
relate the stimulus changes to the response changes. In the hypo- 
thetical experiment on print types we have stimulus variation — 
three different kinds of print — but Uie characteristics by which the 
print types varied were not dimensionalized. Perhaps these print 
types could have been dimensionalized since they would vary in 
height, width, and stroke width. As we discussed the experiment, 
however, we merely had three distinct print types. Our results 
would be sound enough, but without dimensionalizing the char- 
acteristics, we could not describe the relationship between any 
given characteristic of the stimuli and the responses evoked thereby. 
When stimulus conditions are grossly judged to be different and 
when the characteristics in which they differ are not dimensional- 
ized, indeed, often not specified, the differences are sometimes said 
to be qualitative. An increase in die nuini)cr of dimensionalized 
stimulus variables and a decrease in the mmiber of qualitative 
variables is an iiuUcation of scientific advancement. 

We are now ready to refine our coitcejjtion of the experi- 
mental framework of psychology. We havts seen Unit all stimulus 
<Umensions are stimulus variables, but tlmt all stimulus variables 
are not dimensioualiaecl. All rcs^wnac variables, the dependent 
variables, must be dimensionalized to be scientifically useful. To 
incorporate the concept of dimensionalized stimulus variables, we 
modify Pig, i as shown in Fig. 2. We have depicted a single 
stunulus characteristic to indicate that all stimulus conditions 
which arc dimensionalized vary from high to low in terms of 
amount of that characteristic. A part of the experimentalist’s work 
is to determine the relatioiishijM between variations of stimulus 
dimensions and the corresponding changes in the response dimen- 
sions. In actual practice, several rather equally separated points 
along the stimulus dimension are used as the specific stimulus 
conditions. Plotting these amounts against the amount of corres- 
ponding response change (if any) shows the empirical relation- 
ship. It must be understood at this point that Fig. 2 is not intended 
to convey the impression that there is necessarily a one-to-one 
relationship between variations in the stimulus and variation in 



Ujt* ri'SjHius**, The work t>l‘ tlir evpeiiiiwiu.il |w\i h>ilii>>Ut wmiliJ 
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Vta. a. Kefinamenl of the framework of experimental payrholoBy to inrlude 
the courepu uf atiinulua an<I reapoiiie diinenaiona. For rarh atiniitmt itimemion 
and for each response associated with it. this represeiitalioii would apply. ’I'he 
diaftram suKsesU a one to one relatioiwhip beiweeit the stimulus and response 
dimension. Thh is rarely the ease, hut the figuie is thawn this way tor Ktfaler 
simplicity. 

PhysicAl and {tgytihological gtlmwluM ilim«iMlou< In the 

atutly of many psychcilogleal prtjpeajies live siimulm diniensbn is a 
physical scale, being staled in terms of ittciirs, ryples per seeotid, 
decibeb, and so forth, iiiu'h sUmnliis (litnensiuns iire t-Hlietl physical 
stirmUm dimmiens. We have other stimulus dimeusitms which are 
peculiarly psychological-' nmninufuhuss is an iniiatratlon nmi 
these may be called psychological stimulus dimmsmu, tUiaptera 11 
and in will deal largely with, the relatioivships obtaining between 
physical stimulus^ dimensions and respnse dimensions; Cihaptcr 
IV will he concerned primarily with relationships between psy- 
chological stimulus dimensions and response dimensions for our 
more simple response categories. Response dimensions, of course, 
are always to be thought of as psychological dimensions. If one 
prefers, the word continuum may be used synonymously with the 
word dimension. 

Qpestions must arise concerning the assigning of numbers to 
dimensions. Objects or events of the physical world are almost 
always described by reference to numbers. The wing span of the 
plane is 4a feet, 6 inches; the temperature of the room is 68 degrees 
Fahrenheit; the load of coal weighs 4305 pounds; the speed of 
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the hirbo-jct plane is 463 inilfs-per-hour. C'haractcristics which 
are dimmsionnlized are assumed 10 vary in inliniiely small amounts, 
thouj'h the measuring unit may vary markedly in magnitude. The 
unit of length measure may he as small as i/io,OQu of an inch for 
certain stituations, whereas lor utlicrs a measurement in miles may 
be used. Whether or not numbers are assigned to a dimension 
depends upon several considerations; however, the assignment of 
numbers is not necessary, it is only desirable. The penchant which 
scientists have for metricizing or numberizing dimensions of 
description is due to the fact that the finer the quantification the 
better die description of the phenomenon in question; hence, a 
more precise prediction of it can be made for a given set of condi- 
tions. We may, however, have useful dimensions for describing phenomena 
and use only words to identijy points along the dimension. We could, 
if necessary, have a dimension of length without using numerical 
units. We could agree that the Empire Slate Building is 'taller 
than the Brooklyn Bridge, that tlic Brooklyn Bridge is taller than 
an oak tree. In summary, then, it may he said that we assign 
either numbers or words to successive points along a dimension to 
meet the retiuiremeuls of a dimension. 

THE ORIGIN OF EXPERIMENTAL PROBLEMS 

Lwonder-what-would-luippen type. Many students, first 
faced with the task o£ finding a problem to “do an experiment on” 
arc at a loss. Many candidates for the Master’s Degree ollen grope 
for a problem which they think should be attacked experimentally. 
Yet, once they get beyond this stage of having done their first 
major experiment, they arc sometimes bothered by not having 
enough time to do all the experiments they have outlined. Many 
beginning students have often asked: “How do people think of 
all these experiments?” 

There is really nothing magical in the processes by which a 
problem comes under experimental investigation. So often in the 
past, ironically enough, psychological problems which have been 
attacked experimentally have been so divorced from practical 
situations that the experimenter was unlikely to develop a “felt 
need” as a result of his personal contact with the everyday en- 
vironment. Yet, any question, any problem, or any “felt need” 
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for an iuiswpv to a qiifstiou alMuit human ht*ha\i<u is j»>tt*nlutl4 
an t'xjjpnnifiital prohlrin. In soiiu* imk's, of nmnso, it K not 
sihlo to tU'visp an t*xpriiint'nt tltat will aUNwer thr niif'ition. 

It si't'ins true, t'!i|ifcially in thr early ilevelopiufUt i>l a neieme, 
that many of the experiments are the re.sult of the l-wondei-what- 
woukl-huppeu-if>l-tli(l-this type of tjnestiinu Due ini^ht ask: "I 
wonder which would be nu)st ellidenl, having my stiulents study 
by reading each paragraph three times helore going mi to the 
next, or liaving them read the entiic nssiginu<‘t»t over onee, thcji 
again, then the third time?” The industrial relations director 
might ask: “I wonder what would happen if we paid o\ir emph>yees 
once a month instead of once a week?” The comparative psy- 
chologist might ask; “I wonder how it might affect the speed of 
learning if I fed the rats only after every other trip through the 
maze?" You might ask: “I wonder which would he hest for me, to 
study 15 minutes, rest 15, and study 15 mt)rc, or slutly the full 45 
minutes?" 

In more technical hiiiguage the I-wonder-what-wtuiUl-httppen 
type of (luealion is seeking to know whether nr t«>t the faetttr in 
quesliott is an elfccllve stiumhm varulhlr, i.e., will it itiUueuce tlie 
response? 

PU-bet-tIiia-wouldi-lmpp«n type. As nune faeis are acru- 
nmlatcd witlnu ti seiener the l-woiuler-wlmt-would»happcii type t>f 
prohlem gives way to what we. may call the rU-bet-thU-wouId- 
happen-if-I«did-ihia type. In other words, the experimenter is 
maWng a shrewd guess, or if we dress die language up a bit, he is 
formulating an hypothesis as to the effect of Uic variation of a certain 
stimulus variable, His experiment will test the hypotheida. Tlic 
experJunenlcr already has certain facts and from die implications of 
these facts lie decides, or deduces, that if he performed another 
experiment of a certain nature the result would be such and such. 
This procedure, to most scientists, is a fascinating game. Here also, 
the experimentalist is not so interested in discovering new variables 
but rather in determining the exact influence of various amounts 
of a condition known already to be a sigmdeant variable. 

The I’U-bet-this-would-happen type of problem Is usually gen- 
erated, not ffom facts alone, but from theories which the sdentist 
formulates to account for those facts. Theories attempt to explain 
obtained facts and if the theory is a "good" theory, it will go 
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further and suggest new relationships which sliouid he. finmd. 
Finding these new relationships is thus the fune,tion of experi- 
meutation. Empirically discover'cd relationships, then, do not in 
themselves explaitr the basic mechanisms which are back of those 
relationships. This is the function of theory. Let us consider an 
illustration. 

One of the best-known empirical relationslnps in psychology 9 
is that with the passage of time, forgetting takes place (there are | 
a few exceptions). Time, in this relationship, is the independent ji 
variable and the amount forgotten the dependent variable. Are 
we then to say that forgetting is caused by the passage of time? 
We may, but it is an exceedingly low level of explanation. Inde- 
pendent variables are not customarily used as explanatory con- 
cepts. What we would need in the way of explanation, hence in 
the way of theory, is some process which changes in a systematic 
fashion loith the passage of lime and which could bring about foiv 
getting. At present the single most generally favored theoretical 
concept to explain fiu'getting is that of interference. During the 
passage of time we Icani other things which interfere with the 
material already Icarued. For illustralivc purposes, assume that 
the only empirical relationship wc have at hand is that between 
the passage of time and the amount of forgetting. Someone pro- 
poses the interference theory. Now note lliat such a theory 
immediately suggests other experiments to determine other 
empirical relationships. Of coarse someone has to do the sug- 
gesting, but the point is that the theory demands that other 
relationships must hold if the theory is sound. For example, if the 
theory is tenable it should be found that the forgetting of material 
is faster the greater the amount of subsequent material learned. 
If adequate experimental tests of this specific proposition do not 
confirm it, we would be forced to throw out the general theory 
of interference or else modify it drastically, A good theory, then, 
will not only explain the facts at hand but will also suggest new 
relationships. The most useful theories are those that clearly 
point toward empirical relationships which can be determined 
experimentally. 

The more facts we have the more generalized or expansive our 
theory becomes and the greater the number of experimental prob- 
lems which arc in turn suggested by the theory. It seems likely 
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tliat few scimtists luivo to d«> n«»u* tlwm i>»c' »« twtt <*!vj>niH»cttw 
bt'loM' fonuth'ss (ithrrs un' hug^fiitfil to th**m h\ tlto lotHM tht'y 
have g.ithcn'd ami by tho tbouiy ihoy liavt* lbuiuil»itt*tl to amnmt 
for thosr llu'W. 

(iooU sciontifu: theory develops the ril-I)et-thi'»>would*luppeu 
stage of seientilie advaneeineut. It is reasonabh* to pie.sutne that 
experiments suggested by this kind of thinking generally imlitatc 
that a science, has passed out of the kimlergarten stage, tlir in mxler 
to formulate reasonable, theory the scientist must have a er'itaiu 
number of well-established facts at hand, 'rhe.se faeus me the 
product of prior expcrimentittiou. For most scientists, experimenta- 
tion is a sterile occupation unless some tlicory is involved. Theory 
is the unifying element of science; theory directs experimetitation; 
tlieory provides broad generalizations for organizing nias.ses of 
data; theory makes of science a comprehensible affiiir which a 
mere array of facts will not; testing a throi’y often provides the 
powerful motive needed to get iahorious experinientutirrtt 
completed. 

Psychology is gelling well hiunched into the I’ll-het-thw-woultl* 
happen stage. Most of the exirerirnents to be reported in this Imok 
were predicated on some theory, nlihough lack of space will 
prohibit any extensive consideration of these theories. However, 
because of tlie basic nature of learning, we shall devote one chapter 
to cxpcriniems liuUt around theories of learning, thus illustrating 
Utc tic between theory and expe.rimentation. 

STEPS IN EXPERIMENTATION 

Most experimental procedures fall quite naturally into four 
rather distinct steps: (i) Statement of the problem, (a) Design 
of the experiment, (3) Performing the experiment, and (4) Inter- 
pretation of the data. 

Statement of tRe proMem. The problem may be stated in ques- 
tion form but more likely it will take the form of an hypothesis. 
Thus, a theory is stated and an experimental rela^onship, deduced 
from the theory, is proposed. The experiment then attempts to 
discover the degree of relationship which exists in fact and thus 
supports or denies the theory. It is obvious that the theory and 
experimental problem must be related in an unambiguous fashion. 
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Negative results, i.e., results which do not confirm the hy- 
pothesis, do not always discredit a theory. Certain factors may 
have been discovered during the execution of the experiment 
which were not anticipated during the phuining. In such cases 
the experiment may be said to be an inadequate test of the 
hypothesis. Usually, careful plaiming of the experiment, following 
careful consideration of the propositions suggested by tltc theory, 
will reduce such incidents to a minimum. 

Beginning experimentalists sometimes confuse the material being 
used to determine a relationsliip with the relationship itself. For 
example, in one laboratory course we were attempting to deter- 
mine the relationship between the degree of meaningfulness of 
the material to be learned and the^ rate of learning. Nonsense 
syllables were selected as tlie learning material. These had been 
sorted for differences in meaningfulness in an earlier experiment. 
In the written report of the experiment one student indicated the 
problem as being: Ihe Icarnmg of nonsense syllables. To this par- 
ticular student the learning of nonsense syllables uxu a problem 
and be, had appai'ently confusetl his persoiial activities and diHl- 
cullics with those of Ix'comlng an experifneutallst. 

Let vw take the above problem and see how it might bo stated 
in several Ibrms. 

I, He might lose tlic question as an I-wondcr«what-would- 
h'appcn lype. He would state the purpose of the experiment as an 
attempt to get an answer to tlie question: Does maninfftdness 
influence the rate of learning? 

a. The I-wouder-what-would-happen type of approach may 
also be slated in more explicit fashion as follows; To determine 
ihe relatiomhip between meaningfulness of material and the rate of learning 
as shown by the learning time of nonsense ^llables of different degrees of 
meaningfulness. This is an explicit statement of the problem and 
also indicates the general way it is to be tested. The statement 
of the problem assumes in effect that there is a relationship, and 
the purpose of the experiment is to discover exactly what that 
relationship is. 

3, If he stated the problem in hypothesis form he would say; 
The problem is to test the hypothec that the rate of learning is a 
direct function qf the degree of meaningfulness of the material to be 
learned. 
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Wlut'h (Hie of lh(‘ aliovt' llim* tontis mir ijsi's U nut ile'tr»minnl 
on any “rijulit" or “wnmij;’’ h.tsw, lutt lathtT by tht* amiami t«f" 
thi* t'xpfriiiu'utrr ulmuly has ntJUHuilm tlif 
plus any personal likes he has fin- slarin^ pittltleuis in in tain ways. 

Designing the experiment. 'I'lie geneial diieitinu m general 
Ibnn the expeiiiuent takes is iisuully su|^i«rstnl by tlte ijnestion 
asked or the hypotbesLs staled, Init the pretdse plaiminR of' the 
details is a different matter. Here is where experimental skill 
shows itself. All potential stimulus variables must be conUoUed. 
Here, also a statistical knowledge is necessary so that the data to he 
gathered can be stated in acceptable quantimtive terms. Always in 
designing an experiment we keep two general questions in mind: 
"Will this give a satisfactory answer to the question or he an 
adequate test of the hypothesis?" and “Do I have all potential 
stimulus variables controlled except one'?" 

This step in the experimental procedure is ilie major training 
gi'ound for the ncopliyte experimentarist. 

Performing the experiment. U' the experiment has tiren 
designed carefully and if the experimefitee is fuily awafe of the 
necessity of muinUiining eonstant eonditlons, this step is of n rtniUne 
nature. Ccrtuln skills may l)c aecexsary, e,<tpeeitilly if the apparntus 
used is comijlex. Uxjjcrimenls may fail during this stage aimjdy 
because ihc experimenter is unaware of gradual shilla in his procc* 
dure. Many of the automatic laboratory devices now in use 
eliminate much of the human control^ but even these are subject to 
errors tliat may confound tlic results even if tljc experimenter is 
skilled in the use of the apparatus. Many beginning students of 
eaipcrimental procedure lind the constant repetition of rontUtions 
(which is necessary in many experiments) exceedingly borings and 
indeed it usually is. However, this should never be allowed to affect 
the attitude toward the procedure or toward the subject. Even 
casual remarks to the sulr^cct, or to an occasional subject, may pro* 
duce variation in the results. For otample, a subject may be learning 
a list of words under standard laboratory conditions. If by any 
comment or expression from the experimenter, no matter Itow 
subtle, the subject gets an idea that his ability to learn die list 
of words is a measure of his intelligence, the results may be 
considerably different, There is no reason why laboratory condi« 
dons should change as a function of the experimenter if that 
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ppi'son is fully and i-onslantly aware how absolutely essential it is 
to luaiutaiii ri}<Ul conditions. 

Interpretation of the data. In most cases interpretation 
comsisls of makhift the statistical computations and evaluating the 
results of those eomputatiom so tliat one obtains an asmver to the 
question prompting the experiment, or a confirmation or negation 
of the hypothesis being tested. Facility in this area will usually 
follow automatically the skill developed in carrying out step two. 
In addition, however’, the data may suggest extensions of the 
original theory or it may suggest new theory. How does one learn 
to theorize? It is a good guess that we learn this skill in the same 
manner we learn anything else — ^by practice. 

In writing experimental reports it is customary to follow some- 
what the same order as employed in carrying out the experiment. 
Five sections may be used as follows: 

I. Stalement of the problem. This section may include back- 
ground material, sucli as a summary of related studies and a 
presentulion of the theory with which the experiment is to be 
concerned. 

u. Detailed statement of the pn>cedurc used. 

3. rresenlalion of the n'sults. tiruplis and tables arc commonly 
used to summarize tlu' basic iludings. 

4. Interpretation or discussion of the findings witii tlieir implica- 
tions for theory and future research. 

5. Conclusions and summary. 

PLAN FOR INTEGRATING AREAS OF STUDY 

We have two major objectives to accomplish in this book: 

(1) To obtain a knowledge of the influence of known major variables 
which have been shown experimentally to influence behavior; 

(2) To get a critical appreciation of sound experimental design. The 
first objective points toward factual subject matter, the acquisition 
of which is mandatory for reaching the second objective, since we 
can best design experiments if we know what variables need to be 
controlled. 

It has become customary to approach experimental psychology 
stepwise through different areas of subject matter and this is what 
we shall do. It has also been customary to find that most students 
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have difficulty in integrating the areas of experimental psychology 
into a relatively simple conceptual structure. Of course one could 
know in advance that no structure is going to be completely satis- 
factory. For the areas to be covered in this book the autlior feels 
that lire basic diagram proposed by Dashiell (76) and since used 
by Melton (354) and Shaffer (348) is fairly adequate. This diagram, 
considerably elaborated, is shown in Fig. 3. 

First, we need to know the methods which have been used to 
study the organism’s sensory and perceptual capacity. We should 
know the methods which have been used to determine the char- 
acteristics of the responses evoked by physical stimuli to which 
the organism is sensitive. We should know something of the factors 
which determine simple judgments and sensory discriminations. 
We shall call all of these by the term, discriminal processes. 

The next area of study is inotivation. This is a major variable in 
all behavior. The arrow in Fig. 3 is intended to indicate that the 
organism is motivated toward a goal. 

The hypothetical organism with which we are dealing in Fig. 3 
has no ready response to the stimulus complex (including the 
motive); a smooth, well-developed behavior pattern will not 
appear. This situation, of no immediately available response, is 
represented by the barrier. The behavior which results from even 
the temporary blocking of goal-directed behavior has many experi- 
mental facets. Here we will be concerned with experimental 
work on Jrustration and cQvffliot and associated emotional states. When 
a behavior sequence is blocked the organism usually shows trial 
behavior, varying its response until the “correct” response is 
discovered. What the organism does at the barrier point seems 
to be in large part a function of its past experience. We shall study 
the particular problem known as tranter of training. 

Continuing from left to right in Fig. 3, we can see that if the 
organism persists in the direction indicated by the motive and 
goal, the “correct” response is hit upon and we have the first 
stages of learning — ^the acquiring of new responses or the modifi- 
cation of old responses. If we allow a period of time to elapse 
and then test the organism in the same situation, we are in effect 
making a test for forgetting. If there is continuous repetition of 
the correct response far beyond the point at which learning ceases, 
we have the situation which is commonly called work. 
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Figure 3, then, indicates tlie areas of study 'with which wc will 
be concerned. Three working principles sliould be called to your 
attention since they indicate reasons for including and excluding 
certain material. 

I. We will consider animal experiments an integral part of our 
study. There arc three reasons for this: («) many of our best- 
known theories of behavior are grounded at least in part on data 
obtained from animal experimentation; (i) a great many psy- 
chologists are engaged in research using animal subjects; (c) some 
of the finest experimentation, from the standpoint of careful 
control, is being done in the animal laboratories. 

Test you be misled you will find that you are consistently 
cautioned against making too hasty an application of the principles 
of animal behavior to the interpretation of human bcliavior, and 
vice-versa. This book will not, however, determine when you 
should, and when you should not, make such an application. We 
may only point out that in many inBt^lnces there is a high similarity 
between principles of animal behavior and principles of human 
behavior. 

a. No distinction will be made between so-called “applied" and 
"pure" experimental psychology. Sound methodology is always 
necessary to determine relationships between stimulus conditions 
and responses, and sound methodology makes no distinction 
between problems of a pure nature and problems of an applied 
nature. It is our purpose to give the initial training in sound experi- 
mental procedure; it is up to the individual to do what he will witlr 
that training. The illustrative experiments tliroughout the book 
will include certain “applied” experiments as well as experiments 
that are called “pure.” 

In a real sense the distinction between pure and applied science 
lies in the attitude of the working scientist. If he is doing work 
which has rather immediate social or practical application, and if 
this is the reason for his work, we would say he is working on 
applied problems. If a scientist cannot see such value to his work 
in the proximate future and continues to labor in spite of that, 
then he might be called a pure scientist. Whether an experiment 
is to be considered pure or applied must be determined by the 
attitude of the experimentalist at the time of its execution because 
human vision is so limited that work which wc might call pure 
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today may, under certain conditions, become very much applied 
tomorrow. Of this the history of science shows many illustrations, 

3. Some of the clmptcrs in the book will be organized around 
consideration of the major stimulus variables which influence die 
process under consideration. There are certain variables inherent 
in the subject, such as age, sex, and height, which we shall not 
consider except in special instances. An experimenter cannot 
manipulate a subject’s chronological age in the laboratory in the 
same manner that he can the subject’s motivation. If he is interested 
in chronological age as it relates to a certain response variable, 
he will choose groups of subjects of diSeient ages. In passing it 
may be noted that we shall not be concerned with individual 
differences to any appreciable extent. Both of these limitations are 
made because of lack of space, and not because they are umm« 
portant problems. Our approach will be, in effect, a dimensional 
analysis of manipulable oqriables. 

SCIENTIFIC ATTITUDE 

We have already mentioned tliat nothing is more important for 
the beginning experimentalist than to develop actively a critical 
comprehension of experimental design. This ability, like the 
ability to handle the calculus, a foreign language, or a scalpel, can 
only be mastered if constantly practiced. It requires constant 
application to develop what has come to be known as the seimtjfie 
attitude. 

An exact analysis of the scientific attitude is a difficult imder- 
taking. It seems at present that the best that can be done is to list 
some adjectives describing the behavior which seems to go with 
the attitude. In the first place, the scientific attitude is one of 
caution. It accepts alleged relationships only after some investiga- 
tion of their derivation. In other words, method is all important. 
It is critical of generalized statements based on a small amoimt of 
data. It is skeptical of theory which is not anchored in empirical 
observations and is usually not concerned with theory which does 
not embody provisions for directing cjqjerimcntation. Sometimes 
the scientific attitude has elements of cynicism in it, for it seems 
to evaluate the adequacy of experiments performed by “great 
names" with the same thoroughness as it evaluates those performed 
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by “unknowxis.” The scientific altitude is ccvUinly hnagiiuilive. 
It is able to grasp relations and to propose experiments lor testing 
tlieories and difficult problems. It is fortified with statistical tech- 
niques which force one to think in terms of the probability that 
an event will occur and not in terms of a dogmatic “will-hii[)pcn" 
or “won’t-liappen” assertion. Finally, and above all, the scientific 
attitude is a pragmatic assumption that the fundamental laws of 
nature can best be determined by sound research fitted into a 
theoretical framework. Yet it should be understood that there can 
be no bias attached to experimental procedure as such, for certain 
basic principles of conduct are accepted as premises when one 
adopts the experimental method as a method for discovering the 
laws of nature. The reliability of experimental fact is then deter- 
mined on the basis of how far, if at all, the experimenter has 
deviated from those rules for conducting experiments. 

ODDS AND ENDS 

I. As new concepts are introduced they will be defined. For 
ready reference a glossary of these concepts will be found at the 
back of the book. 

3. The terms subject and experimenter ^ since they occur so fre- 
quently, will be abbreviated hereafter. Subject will be written, S 
plural, Ss. Experimenter will be written E; plural, Es, 

SUMMARY 

In this chapter we have introduced the basic concepts needed 
to discuss experimental work in psychology. Illustrations of con- 
trolled experimentadon have been given to indicate some of the 
general factors which have to be considered in evaluating experi- 
mental designs, 

We have discussed how experimental problems arise and have 
emphasized the importance of theory in suggesting experimental 
problems. Steps which experiments usually follow have been 
indicated. Considerable time was spent on the concept of dimen- 
sion, because thinking in dimenrional terms seems fundamental to 
the design of experiments for the exploration of the effect of 
variables. 
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The successive areas of study as they will appear in this book 
have been diagrammed by following through the sequence of 
possible events of an organism placed in a problem situation. 

Finally, we discussed what seem to be some of die components 
of the scientific attitude. 
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Discriminal Processes : Methods of Study I 


mTRODUCnON 

We are able to respond in a selective fashion to the enormous 
complex of stimuli which impinge upon us at all times. We tend 
to take it for granted that because we are what we are certain 
stimuli will cause us to respond in one way, that other stimuli 
will bring about quite a diflerent response, and that some apparent 
stimuli will elicit no noticeable response. The selective capacity 
lof the organism, that is, tire ability to respond in cUirercnt ways 
to different stimuli, presupposes what we shall call the discriminal 
^processes. The organism is constantly “exercising” these processes. 
Hence, siicli diflerent reports as: “I’m tired,” or, “I’m not tirwl”j 
“It is raining,” or “It isn’t raining”; “This is better than that”; 
“This coat is a darker brown than that one”; “That mountain 
peak must be about 30 miles away”; “These fence posts arc out of 
line”; “I prefer Brahms to Debussy”; “Those two lights arc of 
equal brightness.” 

For the most part, researches concerned with the discriminal 
processes have, for purposes of study, assumed these processes to 
be relatively unchanging. That is, little work has been done toward 
modifying these stimulus-response relationships so that the modifi- 
cation is relatively permanent. Gross-sectional analysis is the pro- 
cedure wherein E attempts to determine the organization of the 
stimulus-response relationships as they already exist, with scant 
attention to the problem of how these relationships developed. 
By hundreds of such analyses, having their beginning even before 
Wundt established his laboratory in 1879, a multitude of stimulus 
conditions affecting the discriminal processes have been dis- 
covered. We shall not be able to treat these stimulus conditions 
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in a systematic manner. Rather, our major purpose will be to give 
a rather comprehensive consideration of the methods of experi- 
mentation which have been employed to study the discriminal 
processes, and we shall illustrate these methods with a wide sampl- 
ing of studies to show the breaddi of the problems to which the 
methods have been applied. Sdlective references at the end of 
Chapter IV will give sources in which a systematic treatment 
of the stimulus variables has been made. 

E’s job is that of relating variations in stimuli to variations in 
response. In studying the discriminal processes there are two 
distinct stimulus situations which have been used: (i) stimulus 
situations in which variation is described by physical dimensions; 
(3) situations in which variation in the stimuli cannot be meaning- 
fully described by physical dimensions. Let us illustrate the dif- 
ference. We present two stimuli to S, one a tone of 1000 cycles 
and the other of 1008 cycles. S is asked to judge which tone has 
the higher pitch. In this case we know the physical stimulus values 
— 1000 and 1008 cycles — and we can relate the changes in cycles 
to changes in perceived pitch. On the otlicr hand, wc might pre- 
sent S with two modernistic paintings and ask him which of the 
two he prefers. These paintings rather defy description in terms 
of physical stimulus values. We have varied the stimulus situation, 
but wc do not attempt to describe that variation in terms of 
physical dimensions. Such description may be meaningful in some 
cases, but in many it will not. 

This and the following chapter will deal largely with situations 
of the first kind — situations in which stimuli are varied along a 
physical dimension. Methods used to study the stimulus-response 
relationships in these situations are commonly called p^cho- 
physical methods. In Chapter IV we shall deal with situations of 
the second kind. As in most attempts at classification, we shall 
find it impossible to distinguish sharply among the methods as 
here classified. Titles or names of procedures should, therefore, 
be considered modal points around which one may organize his 
thinking, not mutually exclusive categories. Methods of experi- 
mentation will vary somewhat even though given the same name. 
We shall illustrate the "pure” method and then give samples of 
the procedure as it has been used in practice. 

The two psychophysical methods to be considered in this 
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chapter are: (i) 'I'lie rat>tI)od of uveraijr** t'lTor, sometimes railed 
the adjustment method; and (a) I'he metliod of litiiits, sometimes 
called the method of minimal chaUKes. 

THE METHOD OF AVERAGE ERROR 
The Method 

A housewife shows an interior decorator a sample of a very 
light pink color and asks that a room be painted that color. Since 
the color is not commercially produced, the decorator must mix 
paints to obtain it. Using standard W'hitc as a base, he very slowly 
adds red, stirring all the while, until the mixture appears to be 
a good match for the sample given him by the housewife. Un- 
knowingly, the decorator has employed the method of average 
error as it would occur on a single trial in the laboratory. 



Fio. a. The MhUer-Lyer illusion. Line A appears to be shorter than Line A 
though both are in. long. To determine the amount or extent of the illusion, 
apparatus is used in which the length of Line /i is adjustable. A' is asked to make 
several independent settings of Line II each time so that it n])iiears to be equal 
in length to Line A. 

}j The method of average error was designed to study the pre- 
'dsion of observation or the precision of any matching procedure. 
If we state this in converse fashion, we would say that llje method 
is used to study the errors which enter into observations. A good 
illustration of the method as it is applied in the laboratory is 
afforded by the weU-known Mliller-Lyer illusion experiment. 
Figure 4 shows this illusion. The differences in the direction of 
the “tails” tend to make Line B appear longer than Line A, 
even though physical measurements show they are exactly the 
same length. In using this illusion as a laboratory device, Line B 
is constructed so that it is variable, i.e., can be made longer or 
shorter. In determining the extent of the illusion, S is asked to 
make the length of line B equivalent to the length of Line A. 
We would say, then, tjiat iAs of mtrage error consists in 
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prtsmting S with some constant or standard stimulus and asking him to 
match it by manipulating a oariable stmulus. 

We may already suspect that a single matcli of the standard and 
variable would not be sufficient for a good index of the accuracy 
of observation. Wc will expect fluctuations or variations in iS”s 
responses. Consequently, we will ask 5 to make several matches 
and then, after measuring the length of Line B for each setting, 
use a measure of central tendency of these lines — usually the mean 
— as the best estimate we have of the length of Line B which 
appears to be equal in length to Line A. E sometimes sets B so that 
it is obviously much longer than A, and sometimes he sets B so that 
it is obviously much shorter than A. The instructions to iS in each 
case are that he should adjust the setting so that B is equal to A. 
The mean of these settings is the length of Line B which is sub- 
jectively equal to the length of Line A. We call the mean of the 
settings of-B the length of subjective equality, although the gen- 
eralized term for various kinds of discriminations is the point qf 
subjective equality. If wc put this concept into a formal definition 
' we would say that the point qf subjective equality is that physical 
} stmulus value qf the variable which appears to be equal to the standard 
\ stimulus value. 

Due to the illusory nature of the figure, Line B will nearly 
always be set consistently shorter than Line A. This illusion is 
quite powerful and naive 5 s will be entirely unaware of the large 
errors they are making. The writer had constructed some of these 
illusions for use in the laboratory. The standard was to centimeters 
long. The construction was rather crude and the students were 
rather skeptical as to whether or not an illusion was being pro- 
duced when they started the experiment. One S, for example, after 
having made several settings said in effect: “These things aren’t 
any good — I don’t get any illusion.” An examination of the settings 
he had made, which he had not inspected on the data sheet, showed 
that his mean setting of B was 7 centimeters; on the average he had 
underestimated 3 centimeters or about 30 per cent of the total 
length of Line A. 

This illusion provides an excellent laboratory exercise, since it 
affords a good initial illustration of stimulus variables that will 
cause the response to vary. It can be shown, for example, that the 
length of the “wings” or “tails” will influence the extent of the 
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illusion. Also the angh' at which the “wint*.s” intonsert the horizon- 
tal lines will influence the amount of illiusion. We would thus .say 
that the angle, of incidence is a slinmlus dimension ^vhieh in- 
fluences the response and that the length of the “wings” is a 
stimulus dimension which influences the response, the response 
in each case being the extent of the illusion. 

The geometrical illusions, of which the Miiller-Lyer is only one 
illustration, provide simple examples of how our discriiuinal 
processes do not faitlifully reflect the objective world. We do 
not always see things as they exist in physically measured reality. 
One of the best natural illusions is the common observation that 
the moon appears much larger when near the horizon than it 
does when directly above us. There is no general agreement as to 
the basic causes for many illusions. We do know that they will 
vary with changes in the stimulus conditions and tliat many of 
them can be reduced or even eliminated with continued practice. 
But, as we have already discvisscd, since we do not use stimulus 
variables as ultumate explanatory mechanisms, the fuel that the 
illusions can be made to vary by changing eomlilions does not 
satisfactorily explain them. Boring (31) pre.sents in brief form 
several of the theoretical explanations which have been offered 
for various geometrical illusioirs. 

Constant errors. Plow much S errs in adjusting the variable 
stimulus of the Miiller-Lycr illusion is best represented by the 
difference between the mean setting of Line B and the actual 
lengtlt of Line A. This diflercnce is called a constant error and 
gives a quantitative measure of tire extent of the illusion in this 
particular illustration. A constant error is produced by a uniform 
condition, or better, a uniform set of conditions that tends to 
“throw” the response in the same direction. In the Mliller-Lyer 
illusion the constant error will produce underestimation of the 
length at which the variable should be set. Other situations may 
produce an error which will result in overestimation of the size to 
which the variable should be adjusted. It is possible that in certain 
situations some conditions may make for overestimation and others 
for underestimation so that the resulting point of subjective equality 
will be a function of the difference in the amount of influence of 
the two sets of conditions. 

Every experiment, regardless of its simplicity, is subject to 
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possible constant errors, either because of the conditions of the 
experiment as such or because of the perceptual biases of S. In 
addition to the constant error produced by the illusion itself, the 
Miiller-Lycr experiment has two other possible sources of error. 
One of these is called the space eiror, the other tlie movement enou 
The space error may be thought of as a bias of S for judging the 
variable differently when on the left, with the standard to the 
right, than when their positions are reversed. To determine if this 
error is operating in the case of a given S, or in the case of a group 
of 5s, we would turn the apparatus over so that the variable Line B 
would be to the left of 5 half the time and to his right half the 
time. Separate records of the settings would be kept so that the 
amount of space error actually present could be determined. A 
space error is evident when the measurements with the variable 
to the left are significantly different from those obtained with the 
variable to the right. 

The error of movement may bo thought of as a bias which 5 
may have for moving the variable outward as compared to moving 
it inward, or vice-versa. It is conceivable that different settings 
might be obtained if the variable is set shorter than the standard 
and then moved outward than when it is set longer and moved 
inward. To measure the movement error — or to determine if it is 
present — ^we plan the trials so that 5 is moving the variable inward 
half the time and outward half the time, and we keep a separate 
record of the results of these settings. 

Even in so simple an experiment as the one we have been dis- 
cussing there may still be other factors producing constant errors. 
As in most experiments, there may be practict effisots, i.e. 5 be- 
comes adjusted to the situation and a gradual shift in response may 
occur. Furthermore, suppose 5 gradually becomes fatigued, or 
bored and this brings about a shift in response. Inasmuch as these 
factors may produce a systematic trend in the responses we must 
identify them as conditions producing constant errors. These 
two constant errors, practice ’effects and fatigue effects, are 
potentially constant errors in almost all p^chological experiments, hence, 
[become factors which must be considered in the design of all experi- 
jments. We must handle them in either of two ways: (i) dis- 
tribute the effects so that they do not differentially influence 
various conditions of the experiment, or (a) design the experiment 



EXPERIMENTAL PSYCHOLOGY 


30 

SO that the effects can be measured. These arc problems best taken 
care of by counterbalancing. 

Counterbalancing 

Let us outline the conditions winch are necessary to handle ade- 
quately the constant errors in the illusion experiment. To get 
stable results we normally would require S to make a gieat many 
settings, perhaps 100 or more. However, for illustrative purposes, 
let us restrict our consideration to a few trials; namely, i6, since 
that will divide properly for the measurement of the various con- 
stant errors involved. Any greater number of trials could be 
multiples of 16. Let L stand for having the variable stimulus to the 
left and R to the right. Let 0 stand for having the variable set 
shorter than the standard (S then moves it Out), and let I stand 
for setting the variable longer and having S move it In. The 16 
trials would then be as follows: 

X(4 trials) i2(4 trials) 71(4 trials) L(4 trials) 

OIIO OIIO 0110 Olio 

Note that the basic sequence is LRRL and 0110 (this could be 
RLLR and 1001 as well), which when generalized is usually 
referred to as thc_a6ia sequence. The reason for this sequence is 
that if we have systematic errors which influence the response in 
a greater and greater amount as the experiment proceeds, their 
effects will not be distributed unequally on any of the conditions. 
We need to pursue this further. 

Let us assume that systematic errors enter into the illusion 
experiment with ever increasing potency as the successive trials 
are run off. Suppose that instead of having the L and R settings 
LRRL as above, we had them LLRR, or simply, 8 trials L fol- 
lowed by 8 trials R. Under such conditions the effects of the 
systematic errors would be heavily concentrated on the R settings 
and would be of small consequence on the L settings which came 
early in the sequence. The assumption on which the aiba order 
is based is that the progressive change in response which may 
take place as experimentation proceeds is a straight line function. 
This is illustrated in Fig, 5. The figure shows the hypothetical 
changes in the response which take place with .successive trials as 
a consequence of the increased influence of factors making for 
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constant errors — such factors as fatigue, practice, and so forth. The 
abscissa (base line or X axis) indicates successive trials, o to n, 
the total of which is broken into four blocks and noted as abba. 
The ordinate (vertical or Y axis) is in hypothetical units indicating 
the amount of influence the constant errors have on the response 


we are measurmg. 

The average influence of the factors making for constant errors 
in the response during the first block of a trials is i. To obtain 
this we assume that the 

first trial of the experi- —• 

ment — the first trial in the yr | 

a block — ^is uninfluenced | ^ “ j 

by systematic errors; Thus, 5 s | 

a weight of zero is as- « y' | | 

signed. On the last trial g ® “ yr ! | 

in this a block a units of 84 ^ { 1 

influence occur. Gonse- J ! > 

quently, the average influ- Z ” yr | | [ 

cnce on all trials in the n « 2 i i | 

block would be i. Simi- | ^ > X I I I I 

larly, in the first block of / ! h ! ^ 1 

h trials the amount of in- 5 — * ■"— » ■■ ■* 1 — 2 — J 

o n 

fluence of the progressive Successive Blocks of Trials 

error varies from 2 to 4 Eio, 5. How the influence of progressive 

units with an average of response can be equalized for aU 

° , condiuons by using the abba order of presen- 
3. For each successive tation. See text for complete explanation. 

block of trials, abba, 

the change in response due to the constant error factors is i, 3, 

5, and 7 respectively. The amount of influence on the a condi- 
tions combined is i plus 7, or 8 units; the amount of influence 
on the b conditions is 3 plus 5, or 8 units. Thus, the amount of j 
influence on both the a and b conditions is the same. This is j 
our first illustration of a method of counterbalancing conditions. . II 
Its effect is that of distributing equally over all conditions the I 
response changes produced by systematic or progressive errors. 

Now suppose we had not used the abba order, but had used 
instead, adjb. In such case the changes in the a conditions would 
amount to an average of 2 units while the changes in the b condi- 
tions would amount to 6 units. Thus, the responses would have 
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been differentially influenced by faelors which wen* not the 
subject of study, i.c., not the stUnulus varinblc. 'I'lie systciuiitie 
counterbalancing of conditions to remove the did'ereniiiil effects 
of constant errors when they are not ohjeets of study is an ex- 
tremely important procedure in cxperimeiiLtil design and is one 
to which we will refer frequently. 

It should be mentioned that the systematic trends in rc.sponsc 
due to practice effects, fatigue, or what not, will probably not 
follow a straight line function. Even when the function is not a 
straight line, however, the use of the abba order will not produce 
a serious bias in the results and is certainly much better than doing 
nothing about the progressive changes. This can be demonstrated 
to your own satisfaction by drawing in various plausible shapes 
of curves, assigning numbers to the Y axis as we have done in 
Fig. 5, and then averaging tlie a’s and b's in the various instances. 
It will be seen that the differences which arise between the mean 
a's and mean b‘s will be much less than if presented in aabb order. 
We do not, of course, have to divide our total block of trials into 
four units. We could, and it is oft<ai wise to do so, repeal the abba 
order. For example, in our 16-trial illustralitm above, wo might 
use LRRIJiRRL with two trials given under each rather than 
four trials. Our 0 *s and Ps would be changed correspondingly, 
In general, the greater the nmnbcr of abba sequences for a given 
series of trials, the less Urc possibility that any condition will be 
differentially influenced by progressive errors. 

We cannot determine how much progressive change in response 
is due to fatigue and how much is due to practice effects, if any. 
All we can determine is whether or not there have been pro- 
gressive changes in response as the successive settings were made. 
A comparison of the mean of the first eight settings with the mean 
of the second eight settings will show whether or not there was 
a change from the first half to the second half. We might go more 
to the extremes and compare only the first four settings with 
the last four settings since they have been obtained under identical 
conditions except for the temporal point in the series of settings. 

- If the mean of the last group of settings is greater than the first set 
(if the illusion is less), we would say that there has been a lessening 
of the effect of the illusion with jgracticc. If the mean setting of 
the last trials was less than the mean of the first trials (greater 
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illusion), we would say that there has been an increase in the 
effect of the illusion with an increase in the number of trials and 
then perhaps we might speculate that this is due to fatigue effects. 
Actually, die over-all trend which might be found could be a 
function of many factors, of wliich practice effects and fatigue 
are only two, and two very non-specific factors at that. We accept 
the fact that they are likely to occur and design all experiments 
aecordingly. 



Fio. 6. Schematic representation of results of one S' on the MSIler-Lyer illusion. 
The intersection of the dotted "tails” on Line B indicates the length of Line B 
which on the average appeared to be ejiual to Line A, The distance from the 
dotted “tails” to the center “tails” indicates the length of subjective cquali^. 
ITte constant error is the dilTcrence between tlie length of subjective equality 
and tlic length whicli is objectively equal to Line A. The measure of variable 
error would bo the standard deviation of the distribution of all settings. 


Variable errors. We have discussed constant errors and have 
seen some of the possible sources of constant errors. It should be 
understood that the constant error is not “really” constant from 
trial to trial. In the illusion experiment, the illusory nature of the 
figure itself produces a constant error, but it does not produce 
an equal amount, of error on each setting. The constant error is a 
statistical abstraction. What causes these fluctuations from trial to 
trial? The causes are not known specifically, and when a source of 
'error is not known and does not appear to be in any systematic 
direction,' we call it a variable error. These errors may represent 
variations in S, E, or in an instrument. Statistically we caU them 
chance errors and usually measure them by the standard deviation 
or "some other index of variability. In the same sense that we do 
not expect 12 tossed coins to constantly fall with, six heads up 
and six tails up, we do not expect a given response to reproduce 
itself exactly from trial to trial. 
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In a final reference to the Miiller-Lycr illusion experiment, we 
may diagram the hypothetical results from a single S for a great 
many settings. Figure 6 shows the constant error and the dis' 
tribution of individual settings. The standard deviation of this 
distribution of settings may be used as the measure of variable 
error. 

Illustrative Experiments Using the Method of Average Error 

An experiment on direction perception. Let us suppose that 
we are standing some distance behind an anti-aircraft gun whose 
barrel is vertical. A plane towing a target approaches from the 
right so as to pass directly over tlie gun. As observers we probably 
would think that we could tell when the target was directly over 
the gun, i.e., that a bullet fired and taking no time to reach the 
target would hit the target. This is essentially the sort of problem 
attacked by Salomon (338). E was concerned' with two problems 
in direction discrimination: (i) what are the errors (both con- 
stant and variable) involved, and (a) what arc the stimulus dimen- 
sions which can be manipulated to increase and decrease these 
errors? In the laboratory the situation is imitated, of course, with- 
out the aid of flying airplanes and anti-aircraft guns. 

E projected a line on a screen, tilted at about ao degrees. Also 
projected was a small dot at some distance from tlic line. The 
projection equipment was so devised that S, by manipulating a 
knob, could move the dot at right angles to the upper end of the 
line. iS’s problem was to set the dot so that the line, if extended, 
would pass through it. In our crude analogy above, S would have 
to move the target until it was directly over the line of direction 
of the gun barrel. The experimental problem is illustrated in 
Fig. 7. The series of unfilled circles shows how S could move the 
dot (filled circle) to the point judged to be the extension of the 
line. 

Because our judgments of relations of objects in the environ- 
ment are strongly influenced by other objects, it is desirable in the 
experimental situation to eliminate these objects unless we know 
their influence. Since we usually don’t know their influence, E 
will eliminate them from the situation, thus reducing the number 
of variables which may be operating. This, in effect, makes the 
situation more “pure,” and increases the probabilities that the 
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precise influence of a single stimulus variable can be determined. 
In technical language which has been applied to the perceptual 
situation, E is said to restrict the frame of tefennee. “The frame 
of reference may be defined as llie background of stimulation 
which influences our behavior in a particular situation” (55, p. 17). 
If E restricts the frame of reference he is restricting the number 
of stimuli which may influence the response. Almost all laboratory 
situations modify the frame of reference by making it more 
homogeneous than situations in which the phenomenon occurs in 


O 


0 


O 

o 

O 

Fto. 7. Illustration of the situation used bv Salomon (338) in an rxperimcnl 
on direction perception. A tilted line and a clot (iilled cdrclc) were projected on 
a screen. The dot could be moved in either direction in the plane indicated by 
the unfilled circles. S attempted to set the dot so that an extension of the line 
would pass through it. 

In the experiment under consideration, E markedly restricted 
the frame of reference. The line and the dot were projected on a 
perfectly homogeneous white wall. There were no smears, no 
nails, nothing on the wall that would provide S with orienting 
cues. .S' sat in a small dark room and observed the line and dot 
through a circular opening 25 inches in diameter. Seated 3 feet 
from this opening, with his head held rather firmly by a padded 
steel frame, S could see nothing but the white background and 
the projected line and dot. The screen (white wall) was actually 
15 feet from S, but because pf the lack of cues it was extremely 
diflicult for S to tefl how far he was from the screen. To have S 
looking through the circular opening at an homogeneous back* 
ground is an application of the reduction screen technique for 
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limiting the frame of reference. The reduction screen is usually 
used on a smaller scale, in that iS’s eye is directly in front of a very 
small hole through which he can see only a limited area. 

Before running the main experiment, E tried out several pro- 
cedures to determine the most adequate method. This is often 
necessary when one attempts experimentation in a relatively new 
area or with new apparatus. These initial or preliminary studies 
are often called “pilot” or “test-tube” studies. We may wonder, 
for example, how it came about that Salomon_used a circular open- 
ing. In pilot studies Salomon used both a circular and a rectangular 
opening. Findin g that the judgments in the two instances did not 
differ significantly, i.e., that the shape of the opening was not 
a stimulus variable in this situation, she chose the circular opening 
because Si seemed to prefer it. In the main experiment E used 
severed lengths of lines projected on the screen since it was found 
that this was a major stimulus variable influencing the judgments, 
^ow did the length of lines used happen to be chosen? In pre- 
liminary work it was found that a line inch long was the shortest 
length which yielded consistent observations. It was thus deter- 
mined that lines shorter than this would produce no useful results. 
In the main experiment, to be on the conservative side, the shortest 
line used was t/g inch. 

In the illusion experiment we discussed the possibility of move- 
ment error. We have a comparable situation here. The dot could 
be set clearly below the direction point indicated by the line or 
clearly above, with S moving it up and down respectively. .Pre- 
liminary experiments showed that there was no constant error 
involved in this taskj hence, the design of the experiment did not 
have to account for that. These exemplify the preliminary findings 
used in determining the conditions for the main experiment. 

In the major experiment Salomon varied two stimulus dimen- 
sions: (i) the length of the line; and (a) the distance of the dot 
from the line. The line lengths used were four in number, .5, .75, 
II, and 32 inches. Three distances of the dot from the end of the 
line were used, these being .25, 3.5, and 5 feet. From this design, 
12 different empirical points, indicating 12 different combinations 
of line length and dot distance, could be determined for each S. 

For each 12 combinations of settings, 40 trials were given. Each 
of the 10 Si thus made a total of 40 by 12, or 480 settings. Since 
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progressive changes in the response may take place as successive 
trials are run — changes due to fatigue, practice, and so fortli, as 
already discussed — aU ^s did not follow the same order of condi- 
tions. As in the illusion experiment, E distributed the progressive 
changes as equally as possible over all combinations of conditions. 
To accomplish this a random order of conditions was used. One 
S made his first 40 settings with a line of ,5 inch and the dot 
,25 feet away; another S made his first 40 settings with a 22-inch 
line and the dot 5 feet away, and so forth, so that for all data for 
all Si no combination of conditions was favored by appearing 
early or late in the experiment. The use of a random order of 
‘ conditions for Ss is thus another wcff in which practice and fatigue 
effects may be equalized for all conditions. 

The following instructions were given to S: 

This is an experiment in the perception of direction, A line, like 
this, will be projected on the screen, and a dot a certain distance away 
is to be placed in the direction the line is pointing. (You can imagine 
it’s a gun shooting a bullet — ^put the dot where the bullet would hit it.) 

You will be sitting in this booth, with your chin on tlic head rest, 
and your left arm reaching out to this handle which moves the dot up 
and down. It moves about at right angles to the line. You can use tlie 
handle till you get the dot close to the right place, and then use the 
edge of the dial for the fine adjustment. 

The purpose of the head rest is to keep your head horizontal, and 
to keep you from looking too far out and seeing the corners of tlie 
room. You can move your eyes as you want to, as long as you keep 
your head still. Set the dot by any method you want to. There is no 
time limit, but it is best to set it where you think it should be, where 
it looks right, quite quickly, and leave it there. Sometimes if you 
deliberate and think about it too much, the setting is not as good as 
the first impression. (338, p. 73) 

After three or four preliminary practice trials the experiment 
proper got under way. Note from the instructions that it is 
necessary for S to manipvilate a dial and vary the position of the 
dot. However, this dial was so constructed that S could get no 
cues as to where he had set the dial on the preceding trial. Thus, 
there was no possibility of 5 "s simply setting the dial itself at the 
same place trial after trial without regard to the line and dot. From 
another calibrated dial hidden firom S, E recorded the setting 
by S on each trial. This was transferred at the same titrip into 
inches of error (or fractions thereof). E was able to determine 
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what constituted a perfect setting through the aid of a separate 
device; hence, S's settings could be transferred quickly into a 
deviation-from-the-perfect score. 


TABLE 1 

Vasiable Error in the Perception of Direction 


Distance (ft.) 

Length of Line (in.) 

.5 

.75 

11 

22 

0.25 

.14 (.02) 

.17 (.04) 

.09 (.02) 


2.50 

.92 (.14) 

.74 (.07) 

.58 (.08) 

Irfln vW 

5.00 

1.79 (.11) 

1.56 (.14) 

1.18 (.12) 



The data express the relationship between the standard deviation (variable 
error) and the length of line and distance of dot from the line. The figures indi- 
cate the mean standard deviation of 10 The figures in parentheses are standard 
errors of tlie standard deviations, (i.oo equals .75 inch displacement on the 
screen). Data fiom Salomon (328). 

The results of this discrimination of direction experiment, as 
regards the variable error, are presented in Table 1 and Fig. 8. The 
table provides the detailed quantitative results and the graph will 
give a quick understanding of the basic relationships. From the 
table and the figure, two general relationships can be stated; 
(i) The greater the distance of the dot from the end of the line 
the less the precision of the response (the greater the variable 
error) ; and (a) the shorter the line the less the precision of response. 

So much for the variable error. Did S» show any constant error? 
Was there evidence of any bias for consbtentiy setting the dot 
h%her or lower than the true projection of the line? At short 
distances there was little evidence for such a consteint error, but 
when the dot was 5 feet from the end of the line (regardless of 
the length of the line), the dot was placed consistently below the 
true extension of the line. No cause for this bias is immediately 
discernible. 

During the main experiment which we have reviewed, Ss were 
never told how accurate their settings were. As we shall sec later, 
knowledge of performance is an extremely important factor in 
most human learning. Supposing that in the present experiment 
S was informed after each trial the direction and extent of his 
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error. We would probably predict better performance as a con- 
sequence of this procedure. In a minor experiment, Salomon did 
this very thing and found that the precision of response was in- 
creased considerably as a consequence of this knowledge of per- 
formance. This increased precision was most marked with long 
lines and short distances between the dot and line. Furthermore, 
the constant error which was present for the greater distances 
was greatly reduced. 



Fig. 8. Variable error in direction perception. Two relationships are shown! 
(i) distance of dot from line (abscissa) and variable error (ordinate), and (s) 
length of line (as noted) and variable error. Data from Salomon (saB). 

Salomon found (i) that as the dot was placed farther and 
farther &om a line of constant length, variability of response in- 
creased; and (s) that as the line decreased in length, variability 
increased. Thus, two stimulus dimehimns have been explored and 
the precision of the discrimintil responses involved determined. 
We do not conclude that these are the only two effective stimulus ' 
variables in the situation. We can surely suggest others which 
would probably influence the response — such factors as the dis- 
tance of ■S' from the screen, size of the dot, width of the line, the 
amount of lighting on the screen. We can see that even in this 
relatively simple discrimination situation it takes a long series of 
researches to determine (i) which variables are effective in pro- 
ducing changes in response, and (a) precisely what those changes 
are as the stimulm dimensions are varied from low to ^igh. The 
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collecting of complete data on a given response requires a systematic 
exploration of many stimulus dimensions. 


TABLE 2 

Relationship Between Length of Line and Constant and 
Variable Errors in the LinE'Drawino Experiment. 


Donation 

LcnjftA of Standard line 

from Standard 

16/16 in. 

32/16 in. 

48/16 in. 

— 3 

0 

0 

2 

- 2 

6 

1 

5 

— 1 

14 

5 

6 

0 

56 

9 

11 

1 

110 

18 

16 

2 

126 

46 

38 

3 

87 

76 

65 

4 

33 

87 

74 

5 

8 

76 

60 

6 

1 

66 

64 

7 


36 

45 

8 

1 

15 

31 

9 


5 

13 

10 



8 

11 



2 

Mean length of 




reproductions 

17.747 

36.254 


Standard 

16.000 

32.000 


Constant Error 

4- 1.747 

-1-4.254 

-1-4.606 

Standard Devia- 




tion 

1.37 

1.99 

2.49 


line-drawing experiment. There are many experiments con- 
ducted by the method of average error or slight modifications 
thereof which demonstrate how the precision of the different 
discriminal process varies with certsun stimulus conditions. The 
so-caUed line-drawing experiment is ^ simple one and clearly 
indicates changes in the variable error m a function of a stimulus 
condition. E took three 5 inch by 8 inch cards and on one drew a 
straight black line i inch long; on another a a-inch line, and on 
the third, a 3 -inch line. These three cards were the standard 
stimuli for the experiment. S was given one card at a time and 
instructed to place it upright — ^with the line horizontal — at the top 
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of a sheet of vinruled paper. S was then instructed to attempt to 
reproduce the length of this standard line with a single sweep of 
the pencil. No special sighting was allowed in making the repro- 
ductions and S covered all preceding lines so that each new line 
was drawn on an homogeneous field. No knowledge of results 
was given. 



Fio. g. Results of line drawing experiment. Three standards were used as 
indicated and S made 440 repiroductions of each. Beviation from standard is 
plotted against the frequency with which that deviation occurred. 


S made 440 reproductions of each standard for a total of 1320 
lines. These reproductions were distributed almost equally over 
42 experimental sessions so that, on the average, no lines were 
Idrawn during each session. An equal niunber of lines of different 
istandard lengths Was drawn at each session and a random order 
of presenting the standards was followed within each session. 

In calculating the results it was first determined how much S 
deviated from the standard on each attempted reproduction. 
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Measurements were made to the nearest i/i6 inch. For each 
standard there would be a distribution of 440 deviations from the 
standard. If the mean of these deviations is added to the standard 
it gives the length of subjective equality, while the mean itself 
indicates the direction and extent of constant error. 

Table a and Fig. 9 show the data obtained. Two facts arc 
evident from the data on this one S: (i) As the length of the 
Standard line becomes greater, the variable error becomes greater. 
This is shown by the increased range in Fig. 9 and the increased 
Standard deviation in Table a. (2) There is a constant error toward 
overestimation of the lines. 

Movement perception. A brief preliminary consideration of 
certain visual phenomena wiU aid in imdcrstanding the illustrative 
experiment ‘to be oudined in this section. Theoretically, any 
I reliably measured constant error might be considered indicative of 
I the illusory nature of the percept providing the constant error is 
I based on relative judgments and not on absolute judgments. That 
is, if we asked S to estimate the absolute length of a series of lines 
we would very likely find a constant error, but we would not call 
this an illusion as we have in the case of the MiiUer-Lycr figure 
where the variable is compared relative to a standard. 

One interesting illusion is shown by fixating steadily a weak 
lighLs^ut^c in anjitherwise darkened room. After a short fixation 
period Jhc light will appear to move. It may appear to move in 
any direction and most people are subject to the illusion. This 
phenomenon has been called the a utokimti c illusion, and is an 
illustration olj^armt imoemeni — ^movement which objectively docs 
not take place. There are many other illustrations of apparent 
movement. Neon signs which give the impression of movement 
actually show “stills” in quick succession. Without apparent 
movement Hollywood would not exist, since movies depend upon 
rapid presentation of successive still pictures to give the illusion 
of movement. The autokinetic illusion may be the cause for some 
airplane accidents. Flying formation on a dark night with only 
the weak tail light on the plane in front as a guide to spatial 
orientation may be a near perfect set-up for the autokinetic 
effect if the pilot does not continually break his fixation. Other 
phenomena of illusory character may be present during flight. 
Angular acceleration (change in rate of rotation) and g forces (as 
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exemplified by the outward pull on a merry-go-round or as felt 
in centrifugal swing) may each cause apparent movement of lights 
which are actually stationary (lai). The true importance of these 
illusions for aviation safety must await further study. 

We may have distortion in the perception of real movement. 
This will be illustrated by one of a series of experiments by 
Ansbacher (5) in which the method of average error was used. 



Fto. 10. Essentials of the stimulus situations used by Ansbacher (5) in bis 
study of distortion in perception of real movement. The arc-shaped darkened 
slit represents a slit of light which could be rotated at various speeds around the 
circumference of the circle. The length of this arc was held constant. The slit of 
light in the center of the circle was variable as indicated by the dotted extensions. 
S was to match the length of the slit in the center with that of the arc slit. 


The device used by Ansbacher is illustrated in Fig. 10. The two 
essential stimuli were slits of light, one, the standard stimulus, 
being an arc of light of 36 degrees — r/io of the circumference 
of the circle of which it was a part. This arc could be made to 
rotate around the outlines of the circle at various speeds. The 
variable stimulus, a straight horizontal slit of light with a dot in 
the center, was located in the middle of the circle. The following 
instructions were given S: 

You will see two illuminated figures: one stationary line here in the 
center, the length of which can be varied, and some other design rotating 
around the periphery of the disc in front of you. Look at the mark in the 
center of the stationary line. The line will at one time be very short at the 
beginning and expand slowly, the next time it will be long at the beginning 
and contract slowly. When the stationary line which is slowly being 
lengthened or shortened seems to you to be equal in length to the line or 
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figure you see moving around it, say “Now.” Make judgments only when 
your eyes are fixated on the center point of the line. Make quick judg- 
ments; do not deliberate in any way. We are not interested in how correctly 
you judge the actual length of the figure; we only want to know how long 
the figure seems to you. Everything will be explained to you at the end 
of the experiment. (5, p. 4) 

The device was designed so that the wheel would be rotated 
at diflFerent speeds. In the experiment, five different speeds were 
used; o, 0.5, 0.7, i.o and 1.3 revolutions per second. Each S made 
10 judgments at each speed, and all 10 judgments for a given 
speed were made before moving on to judgments at another speed. 
Of the 10 judgments in each case, half were made with the variable 
set much longer than the standard followed by gradual shortening, 
and the other half were made with the variable set much shorter 
than the standard and then gradually lengthened. Six of I8 iSs 
started with the zero speed (judgments made with no movement 
of arc slit) and proceeded up the five speed steps. The other 6 Ss 
started with the top speed and worked down, As Table 3 demon- 
strates, the two groups of Sa produced different results, which 
may be a function either of differences in the perceptual ability 
of the groups or of the order in which the judgments were made. 


TABLE 3 

Errors in the Perception of Real Movement 



Speed qf Standard {r.p.s.) 

0 

0.5 

0.7 

1.0 

1.3 

6 Sa starting with zero r.p.s. 

1^ 

BPI 

7.6 

5.9 

3.9 

6 i^s starting with 1.3 r.p.s. 



9.1 

4.5 

1.5 

Ali Sa commned 

m 


8.4 

5.2 

2.7 


The standard or arc-shaped stimulus was 13 centimeters long. The data show 
that this length was consistently underestimated in setting a variable stimulus so 
that the length subjectively matched the standard. Data from Ansba^er (5), 


Two facts stand out from inspecting the mebn judgments in 
Table 3. It can be seen that Ss undcresltimated the length of the 
arc even when the arc was not moving. Furthermore, the data 
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are dear in showing that the underestimation increases directly 
as the speed of movement around the circle increases. This is an 
illustration of distortion in the perception of real movement and is 
to be contrasted with apparent movement. 

Summary of Section on the Method of Average Error 

I. In its basic form the method consists in presenting some 
standard stimulus to S and requesting that he match or reproduce 
this stimulus by manipulating another or variable stimulus. The 
method has been largely used to determine the precision of the 
discriminal processes. Our examples of the method have been from 
the field of vision, but the method is adaptable to discriminal 
processes for most sense modaliti^. 

a. Such researches have resulted in the identification of certain 
stituations which produce consistent overestimation or consistent 
xmderestimation of the magnitude of the standard. These errors 
in observation are called constant errors. 

3. In 'addition to constant errors which may be a function of 
the stimulus as such, other systematic response changes may be 
brought about by practice, fatigue, and perhaps other factors. 
Unless these factors are the object of study, E must design his 
experiment so that they will not differentially influence the 
conditions. 

4. Successive discriminations in the same situation show that 
the response fluctuates from trial to trial. For any given discrim- 
inal process, then, we expect a distribution of measurements 
ijndicating these differences from moment to moment. These 
distributions are evidence for what are called variable errors, the 
causes for which arc not definitely specified. We may use the 
standard deviation of the distribution of measurements as an 
index of the size of the variable error. The variable error will 
change as a function of a great many conditions for any given 
situation, the study of this variation being one of the prime pur- 
poses of the method of average error. 

5. The errors of observation are not only topics of study in 
and of themselves but must necessarily concern all scientists who 
continually mahe observations. The less the variable error the 
higher the precision of prediction from the given set of condi- 
tions. 
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THE METHOD OF LIMITS 

ThreslioldB 

The method of limits has beea used primarily to determine 
thresholds (limens). There are two sensory thresholds which have 
been defined: (i) the absolute threshold; and (2) the difference 
threshold. Let us illustrate these concepts before we give operational 
definitions, i.e,, before we define them in terms of the methods 
used to measure them. 

Though the absolute threshold is sometimes called a stimulus 
threshold it might even better be called a threshold of response. 
Any energy to which the organism is sensitive must exist in a 
certain amount before it will arouse a response — before S will 
report the presence of a stimulus.^he lowest stimulus value which 
will elicit a response is said to lie at the lower absolute threshold. 
For moat people 16 to 20 cycles per second represents the lower 
threslipld for sound. Frequencies below this are not heard. Since 
very high-frequency tones — ^approximately 20,000 cycles or above 
— can seldom be heard by most people, we can by experiment 
determine the upper absolute or terminal threshold. The range of 
stimuli from the lower absolute threshold to the upper absolute 
threshold for all characteristics or attributes of energies to which 
the organism is sensitive would define the stimuli to which one 
might expect a response. ' 

Individuals taking the physical examination for entering the 
armed forces were often given the “whisper test” for determining 
auditory sensitivity. The examiner had presumably built up a 
series of whispers of different intensities. At a specified distance 
from S he knew approximately what the normal lower absolute 
threshold shoidd be. Then to determine if there were wide devia- 
tions from the normal, he crudely explored 5 ’s ability to hear 
the whispers. For careful testing an audio^tgf (a device for 
presenting tones of known intensity and frequency) is used. 

. Having heard a tone with a certain known frequency of vibra- 
/tion, how large an increase or decrease in frequency will be neces- 
sary before S will signify the pitch has changed? The amount 
of physical change necessary to bring this about is called the 
Sfferenee threshold — a just noticeable difference. Let us take another 
illustration. Given a standard weight of too grams, how, many 
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grams will have to be added to that standard before S will indicate 
that the new stimulus is heavier than the standard? Ihis again 
would be the amount of physical change necessary to produce 
a difference in the “felt” weight. To use an everyday illustration, 
how much weight must a loo-pound woman gain before it becomes 
noticeable to her friends ? 

Let us now be a little more precise with our definitions of the 
two thresholds: 

Absolute threshold: That minimal physical stimulus value (or 
maximal for upper thresholds) which will produce a response 
50 per cent of the time. 

Difference threshold: That physical stimulus difference that is 
noticeable 50 per cent of the time. 

As the above definitions indicate, we will have to apply statistics 
to get an adequate value for a threshold in any given situation. 
Thresholds will vary ydth individuals and they will also vary from 
moment to moment for a single individual. The measured absolute 
threshold or difference threshold on one trial will probably be 
somewhat different from the value on the next trial. The best 
measure we can provide of a threshold is a statistical abstraction — » 
yjjje mean or median of many threshold measurements. These may 
be taken on the same S if wc wish to define his threshold, or wo 
may take several measurements on many Sa if we wish to define a 
generalized threshold. 

One word of caution should be given concerning statistical 
abstractions. Considering a mean value as a measure of a threshold, 
students will occasionally fall into the error of wondering: “But, 
what is the ‘real’ threshold?” This, of course, is an unanswerable 
question. We can know phenomena only by the ways in which) 
we measure or observe them, and for all scientific purposes the/ 
statistical threshold is therefore the “real” threshold. Johnson! 
(183) tells of a study in which a group of speech experts judged 
the ntunber of times a -so-called stutterer stuttered. There was a 
wide divergence among these experts in their tabulations. John- 
son indicates that after reporting this study to a class he will 
occasionally get the query: “But, how many times did the person 
stutter?” 

Most students do not have difficulty conceptualizing a threshold, 
whether it be a stimulus threshold or a difference threshold. 
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Numerous personal experiences aid one to ground the concepts. 
At one time or another most people have viewed a star that was 
barely visible and have noticed that it seems to appear, then dis- 
appear, and then reappear. A ticking watch held at a certain dis- 
tance from the ear will alternately be heard and then not heard; 
the ticking appears to wax and wane. At one moment you may 
be able to distinguish a difference in two shades of gray, whereas 
at the next moment the same two stimuli will yield no perceptible 
difference. The difference threshold varies in much the same 
fashion as the absolute threshold. Around the absolute threshold 
and at the difference threshold as we know them statistically 
there is truly an area of uncertainty which appears to expand 
and contract from time to time. 

The Method 

Lower stimulus thresholds. In a completely darkened room 
we have installed apparatus to measure your lower absolute 
threshold for light intensity. The apparatus allows us to increase or 
decrease the intensity of the light source so that it can be made 
clearly visible or not visible. (Actually, this apparatus would be 
extremely complex. In addition, S would have to be thoroughly 1 
dark adapted by remaining in the dark room at least 30 minutes 
before the experiment started. A fixation point consisting of a duUy 
red light would be provided). In using this apparatus to determine 
your lower absolute threshold for light intensity, we may, (i) start 
the procedure by making the light plainly visible to you and then 
gradually reduce the intensity until you inform us that you can 
no longer see the light, or (2) we may start with the stimulus 
value of the light definitely below your threshold of visibility and 
then gradually increase the intensity tmtil you report seeing it. 
Actually, we would give you both conditions, repeating these 
descending and ascending series a good many times in alternate 
order. For each ascending and descending series we wSuld get 
a threshold measurement for you — ^momentary as it may be. We 
would get some composite of the measurements to give the best 
estimate of your lower absolute visual threshold under these 
conditions. 

Table 4 is a representation of ten series of measurements, five 
ascending and five descending, as they appear on the raw data 
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sheet prepared by E (cf. 4^9) • Let us say that the intensity scale 
is iu arbitrary numerical units rather than in terms of foot candles 
or millilamberts as would be the actual physical scale. In tlic table 
a plus indicates the light source as being reported visible by S, a 
minus indicates that it was reported not visible. 


TABLE 4 

Illustration of a Series of Measurements to Determinb the 
Lower Absolute Threshold to Light 



The transition point in each series in Table 4 is indicated by the 
step interval bounded by the points where S reports that he sees 
the light and then doesn’t see it, or vice-versa for the ascending 
series. Where is the threshold in each scries? Certainly not at the 
point where S still sees the stimulus and just as certainly not at 
the point where he no longer sees it. For each series the best 
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estimate of the threshold is some value between the points “see” 
and "don’t see.” For example, on the first series it must be some-< 
where between 10 and 1 1 and the best guess we can make of it 
would be halfway between — 10.5. On the next series it would be 
9.5, and so forth. The mean of the individual thresholds would 
define our accepted absolute threshold value — that stimulus value 
which will elicit a response 50 per cent of the time. Note that 
once a change has been reported by S no further observations are 
made in that series, i.e., in the ascending series we never go beyond 
the first report of “see” (plus), and on the descending series never 
beyond the first report of “don’t see” (minus). 

As in the method of average error, the standard deviation is 
usually used as a measure of variable error. Do we have conditions 
which make for constant erroys in the measurement of thresholds? 
There are such condidons, two of which will be considered here. 
These are, of course, in addition to the ever-present possibility of 
V progressive changes in response brought on by fatigue and practice 
' ’effects as previously discussed. 

One of the constant errors which enters into the method of 
limits is called the error of habituation. Let us suppose that in a 
descending series we have our light well above threshold and then 
gradually reduce the intensity. The error of habituation supposes 
that S will fall into a “habit” or “set” toward giving the response 
“sec,” and thus continue reporting this past the point where the 
stimulus became invisible. The error of habituation would thus 
tend to make the descending series threshold lower than the 
ascending series threshold. 

The other error, the error of expectation, is an error which is 
thought to be introduced because S, expecting a change, will be 
suggestible enough so that he reports a change before one is 
actually apparent. Such an error would tend to make the ascend- 
ing thresholds lower and the descending thresholds higher.! Upon-' 
reflection it will be noted that the influence of these two constant 
errors is directly opposed. If the influence of the two errors ia 
the same — if the habituation tendency is about the same strength 
as the expectation tendency in a given S — no bias would actually' 
be measured in the data since in combining the data a cancellation 
effect would prevail. If the effect of one is somewhat stronger than 
the other it should show up in the data. However, this effect 
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can be determined only by comparing ascending and descending 
series — not by analyzing a single trial or a group of ascending or 
descending trials. It is left as an exercise for the student to deter- 
mine how the influence of each of these errors could be measured 
from data such as shown in Table 4. Both errors can be minimized 
by careful instruction to S, and by varying the level at which each 
successive series is started. Thus, S does not get “set" for any 
particular number of stimuli before a chapge, nor is he likely to 
become habituated to the sequences. It will be noted that in Table 
4 the starting point for each successive series varies. 

Difference thresholds. Let us consider next the application of 
the method of limits to the measurement of difference thresholds. 
We will continue with the visual problem, and add another light 
source to our apparatus. This new light source is used as a standard 
stimulus, the intensity of which will not vary. We set this standard 
at a known physical intensity value and then proceed to find out 
I how much the variable stimulus must differ from the standard 
J before S reports a just noticeable difference. Again we would use 
the alternate ascending and descending series. We start the variable 
light at an intensity value that is clearly brighter than the standard 
(descending), or at a point that is clearly less bright than .the 
standard (ascending), and then gradually decrease (or increase) 
the intensity of it. As the intensity is gradually decreased, a point 
is reached at which S reports the two lights are of equal intensity. 
We may not stop at this point, but instead we continue decreas- 

t ing the intensity of the variable until 5 reports that the variable 
is now perceptibly less intense than the standard. We haVe taken 
S through successive experiences of “brighter," “equal,” and 
“less bright.” The procedure would then be repeated with the 
ascending scries, with the variable light being set initially so that 
it is clearly less intense than the standard, and then gradually 
increasing its intensity. 

Data from such an experiment would appear as in Table 5; 
The standard stimulus was set at a value of 50. First we nave an 
ascending series in which the variable is set lower than the standard 
and then its intensity gradually increased. S reports when the 
variable becomes equal to the standard in intensity and then 
reports further when the variable becomes brighter than the 
standard. In the descending series the procedure is reversed. 
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TABLE 5 

AK IlXXffiTRATlON OF THE MEASUREMENT OF DIFFERENCE TbRESBOLDS BY 

THE Method of Limits 



For each series it will be evident that there are two transition 
|>oints and that we may speak of thresholds of change. First, in 
the ascending series, there is a change from “less than ”to “equal.” 
This may be called the lower threshol^of change. Secondly, there 
is a change from “equal'to” to “^eatw than*’ the standard. We 
thus have two difference thr«holds based on the two thresholds 
of change. In computing the actual values of these thresholds we 
take the difference between the standard stimulus value and the 
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stimulus value for the threshold of changCt The threshold of 
change would be taken as that value which lies halfway between 
the two values marking the change. For example, in the first 
series the last minus is at 48 and the first equal judgment is at 49. 
Hence, the lower threshold of change is at 48 - 5 ' The last equal is at 
5« and the first plus is at 53, so the upper threshold of change is 

58.5. Taking the difference between the standard stimulus and the 
''upper threshold of change would give us the upper difference 
I threshold or a just noticeable difference value. Taldng the differ- 
ence between the standard stimulus and the lower threshold of 
change would give us a lower difference threshold. Thus we have 
for each series an upper difference threshold arid a lower difference 
threshold. 

If there is a constant error involved in the determination of these 
difference thresholds, we would not be justified in using the 
physical value of 50 to determine the difference thresholds. By so 
doing we would get a considerable discrepancy between the size 
of the upper and lower difference thresholds. If the constant error 
^s large, i.e., if the point of subjective equality differs significantly 
from 50 in the sample problem, we would use this point of sub- 
jective equality to determine the difference thresholds. The point 
of subjective equality may be determined by taking the mean of 
all equal judgments. For example, the best measure wc have of 
the point of subjective equality for the first series is 50.5 — midway 
in the band of equal judgments. For the second series it would be 

149.5, and so forth. The mean of these points would give us the 
jbiest measure of the point of subjective equality, in this illustration 
^eing 50.1. If this point differs significantly firom 50 we would not 
j be justified in using 50 as the standard for determining difference 

thresholds. Suppose, for example, that the point of subjective 
equality was 5a instead of 50.1. If thb were true and if we used 
50 as the value for determing both the upper and lower differ- 
ence thresholds, we would find that the lower difference tVirwiKnlri 
would be considerably smaller than the upper difference threshold. 
In calculating the difference thresholds, then, it is wise to deter- 
mine first the point of subjective equality, and if that value differs 

( significantly from the standard physical stimulus value, the value 
of the point of subjective equality should be used for determining 
diffemce thresholds. 
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Weber’s Law 

We have considered in some detail the mechanics and rationale 
for finding a difference threshold. It can be seen that our end 
product is the amount of change in the stimulus necessary for S 
to note the change 50 per cent of the time. Now, this is not a 
constant amoimt of change for different values of any one physical 
stimulus dimension. There is a fairly general principle which 
governs the relationship between the amount of standard stimula- . 
tion and the amount of change from that standard necessary to 
bring about a just noticeable difference. This principle of stimulus- 
response relationships in its simple form is loiown as Weber's Law, ' 
In the preceding problem on the difference thresholds, the data 
were set up so that the difference threshold below the standard 
would be slightly smaller than the difference threshold above 
the standard. If the measurements are precise such a slight differ- 
ence would be found. Now let us exaggerate the situation. Sup- 
pose we had a very weak standard stimulus — just slightly above 
the lower absolute threshold — and determined a difference thres- 
hold at this point. Then suppose we used a very strong standard ' 
stimulus on the same dimension and determined another differ- | 
ence threshold. At these two extreme points will there be a 
difference in the amount of change in the physical stimulus ; 
necessary to produce a just noticeable difference? If you will^^ 
check against your everyday observations you will answer in the 
aflSrmative. It is a commonplace observation that in turning on 
a 3-way lamp in which the successive intensities are too, 300, and 
300 watts, the change in the brightness of the room appears to be 
much greater when changing firom 100 to 200 watts than it does 
in changing from 200 to 300 watts. Pouring a pint of water into 
a pail which has only a small amount of water already in it will 
produce a very noticeable difference in the amount of water in 
the pail. Pouring a pint of water into your city’s storage basin 
will bring no perceptible change in the amount of total water. Add 
five students to a class of 1000 and compare that with the “felt” 
increment of adding five students to a class of ten. Clearly, these 
observations suggest that the amount of change in the physical 
stimulus necessary to produce a given amount of perceived change 
is some function of the amount or size of the standard stimulus. 
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Furthermore, these observations suggest that the stronger or larger 
Ithe standard stimulus the greater the increment necessary to pro- 
..duce a perceived change. This relationship holds in general 
throughout the wide range of stimuli to which the organism is 
sensitive. 

For quantification of the general principle we need to know 
the consistent or systematic relation between the value of the 
standard and the amount of change in that standard necessary to 
produce a just noticeable difference. Weber’s law is one state- 
ment of this mathematical relationship. The law states that Aet 
just noticeable increment to any stimulus bears a constant ratio to thaU 
'stimulus. The just noticeable increment would be a difference 
.’threshold. The ratio, of course, varies with different observers and 
jjdifferent sense modalities, and with different dimensions along 
^which a stimulus may be varied within a modality. Suppose we 
had too candles burning in an otherwise darkened room, and that 
the addition of one candle would produce a just noticeable incre- 
ment in brightness. If we had looo candles burining we would 
have to add to candles to produce a perceived difference and 
with 10,000 candles an addition of loo would be necessary, If we 
put Weber’s law into a verbal equation we would have: 

Difference Threshold 

; — pp-; — ; — =! Constant 

Standard Stimulus 

If we vary the amount of the standard stimulus along a given 
dimension and measure the difference threshold at each point of 
change, the ratio of the size of the. standard and the size of the 
difference threshold should remain about constant. In a wide 
variety of tests it has been shown that the equation holds roughly. 
The precision is best in the middle range of stimulus magnitudes, 
the ratio appearing not to hold if the stimulus is very weak or 
very strong. Some of the various ratios which have been worked 
out over the middle range of stimulus values are (135): lifted 
weights, to ViooJ brightness of lights, ^/jo to intensity 
of tones, ^/g to ^/gj pressures on the skin, to ^/gg. For any 
given S the ratio may remain fairly constant while the inter-i 
variability may be great. 

Weber’s law as such allows one to make no assumptions con- 
cerning the increased variability of response as the magnitude of 
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the standard stimulus goes from low to high. However, if we 
jfind that the variable error increases as the size of a standard 
increases along a given dimension, we can deduce Weber’s law 
from this fact. Increased variability means less precision of re- 
sponse, suggesting that a greater change would be necessary to 
bring about a clear-cut discriminable difference. A confirmation 
of this relationship is shown in the data on line drawing in Table 
a and Fig. 9. 

Since Weber’s law has been shown to be inaccurate in some 
instances, there have been several substitute laws attempting to 
state the relationship more precisely. We shall not consider them 
general principle of the law is nearly universally true; 
the precise mathematical relationships may vary with different 
stimulus dimensions. Most of the recent work in sensory dis- 
crimination has not been concerned with whether or not Weber’s 
or any other law holds. Data are usually plotted, however, so 
that a visual lest of Weber’s law can be made. Thus, the increase 
in the stimulus necessary to produce a difference threshold over 
the standard is plotted along the ordinate with the standard 
stimulus values along the abscissa. If Weber’s law holds, the 
resulting graph should be a straight horizontal line. 


niustrative Studies Using the Method of Limits 

A study of cutaneous sensitivity. Weitz (402) has used the 
method of limits to study the relationship between skin tempera- 
ture and cutaneous (skin) sensitivity. In this problem E was test- 
ing a theory that sensitivity to pain is a function of a chemical 
reaction which is set off when a stimulus impinges on the re- 
ceptor. Since chemical changes may be heightened by increased 
temperature, a deduction from the theory would state that raising 
skin temperature would increase the sensitivity to pafai (lower the 
pain threshold). Pain was administered by electric shock from an 
inductorium. 


The procedure consisted of placing the subject’s arm in an arm rest, 
which had above it, tunnel-fashion, two metal shields with a space between. 
The shields were used in order to delimit the heated area. When the subject 
obtained a comfortable position the neutral electrode was placed in the 
subject’s hand and taped there. However, in several trials the subject 
merely held this electrode and it should be mentioned that as far as the 
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results of this work are concerned there was no differential effect when 
the electrode was held or taped to the hand. The stimulating electrode 
was mounted in a wooden rod inch in diam. and 6 inches in length 
and was held by the experimenter on the dorsal surface of the forearm. 
When a “spot” was obtained which gave a clear “pain” or “pricking” 
sensation to electrical stimulation without any pressure or kinesthetic tug 
component, the electrode was kept on the “spot” and a normal intensity 
threshold was taken by the method of minimal change. As soon as this 
determination had been made the temperature of the skin, adjacent to the 
electrode, was taken. The electrode was never removed from the “spot” 
for the duration of the experimental session on that “spot.” The radiant 
heater was then turned on and successive threshold measurements were 
taken using only ascending series. After each threshold determination, 
sIh'ti temperature wSs'* measured as before. This procedure was continued 
until the subject reported that the heat was uncomfortable or fatigue had 
set in due to holding a relatively fixed position. (403, p. 437) 


Note that E actually used a modified method of limits for this 
procedure in that only ascending series of stimulations were used 
to determine the thresholds. *11x18 method is almost mandatory in 
this particular problem, since a descending series would mean that 
the shock was initially quite strong and was then gradually reduced 
in intensity. 

Weitz u sed 6 Js in this experiment. It has been customary in 
experimenting on the sensory processes to use a few Ss and take 
a great many rather precise observations on each rather than use 
many Si with a few observations on each. It is not unusual tO' 
report relationships derived from a single S. The results for one S 
in Weitz’s experiment are shown in Fig. 1 1 . The minimum strength 
of shock required to elicit pain response under normal temperature 
conditions is taken as 100 per cent. Deviations below 100 per cent 
ijidicate a lowering of the threshold (greater sensitivity) and 

f eviations above would indicate decreased sensitivity. The skin 
5mperature (base line) is indicated in terms of centrigrade degrees 
-bove normal, with zero degrees centigrade as the normal reference 
point. It is to be observed that the theory, i.e., that as skin tem- 
peratxxrc increases sensitivity to pain likewise increases, is confimxfid 
u p to a ce^ia,point) but beyond that point just the opposite" 
relationship obtains. Weitz’s"' theory will have to be revised to 
account for this finding.., — ' * 
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We are able to appraise many of the environmental changes 
through our cutaneous sensibilities. Such sensations as heat, 
warmth, cold, surface pain, and light pressure (touch) are all 
mediated through organs lying near the surface of the body. There 
are wide differences in the sensitivity of the skin on various por- 
tions of the body. An experiment using the method of limits to 
demonstrate this point is easily performed in the laboratory. The 
problem is one of determining the two-point threshold of touch 
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Fro, ri. The relationship between the changes in skin temperature and thres- 
hold for pain. The threshold for pain is taken as 100 per cent at normal tempera- 
ture which is indicated on the atacisaa as zero degrees centigrade. The data were 
obtained on one S. Adapted from Weitz (402). 

on various body surfaces. In determining the two-point threshold 
E stimulates two points of the skin simultaneously and, by increas- 
ing and decreasing the distance between the points, determines 
what minimal distance must separate two points to give an im- 
pression of two stimuli. The device commonly used to stimulate 
the skin for determining two-point thresholds is called an aesthesi- 
ometer. The device may take many forms. A micrometer may be 
used; a compass can be fitted with two blunt ends to serve satis- 
factorily; even points of cardboard have been used. The main 
idea is to stimulate lightly and simultaneously two points on the 
skin for a short period of time, wish some means of measuring the 
distance between the two points stimulated. From a standard 
aesthesiometer this can be read directly from the scale. In deter- 
mining the threshold for any one area of the body a straight- 
forward method of limits may be used. E will start first with the 
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two points close enough together so that S reports only one point. 
The distance is gradually increased until S reports two points. 
In the descending series the points will be separated far enough so 
that S will easily discriminate two points and the distance will be 
gradually reduced. The raw data sheets look very much like the 
one shown in Table 4. The differences in the two-point threshold 
for different parts of die body are startling. The lips are extremely 
sensitive as are the finger tips, whereas the surface of the back 
yields a very large threshold value. 

A threshold of form perception. One of the most fundamental 
discriminal processes is that of form perception. We distinguish 
roundness, squareness, triangularity, jaggedness, and an almost 
infinite number of variations around those modal descriptive 
terms. What sort of stimuli does it take to evoke these various 
interpretations? Does the response dimension always correspond to 
the physical dimension? What sort of errors are we likely to make 
in form perception ? These are some of the questions which have 
been asked concerning the way in which we interpret the form 
or shape of things we "sense” in the environment. Many concepts 
have evolved to account for the observed facts. One of these con- 
cepts is closure. In a general sense this term indicates an observed 
tendency to perceive forms as being complete which arc actually 
incomplete physically. If the outline of a circle is made up of 
discrete dots lying fairly close together we do not see a myriad 
of discrete dots. We would report first that we see a circle and if 
questioned further we would probably report that the circle is 
made up of a series of dots. We tend to fill in between the dots — 
we tend to close the unfilled gaps. 

’ Bobbitt (30) has demonstrated experimentally that there is a 
definite threshold at which closure takes place in the perception 
■of triangularity. To determine the threshold of closure for tri- 
angles, incomplete triangles were presented, as illustrated in Fig. 12. 
Figure 12a would probably not be seen as a triangle but rather 
as two discrete angles. Figure laJ, on the other hand, would 
probably be seen as a triangle — closure would take place. These 
two figures represent the extremes of the steps along the dimen- 
sion defined in terms of the amount of the perimeter of the tri- 
angle present. A scries of these IBhcly graded forms was presented 
tin ascending and descending order, each figure being exposed 
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second. This short exposure period is accomplished by a device 
called a tachistoscope. S& were fully informed as to the nature of 
the experiment. In responding to the figures S was to report 
whether he saw “twoness” (two angles) or “oneness” (triangle). 
From this procedure, thresholds of closure of considei'ablc stability 
were derived. Depending on the size and shape of the “triangle,” 
approximately 68 to 7a per cent of the perimeter had to be present 
before the figure was seen as a triangle. There were no systematic 
changes in the threshold throughout the experiment, i.e., practice 
did not seem to influence the threshold and fatigue was minimized 
by adequate rest. 



o b 


Fio. IS. Illustration of two extreme figures used by Bobbitt (30) in determining 
the closure threshold for triangularity. Figure b is likely to be seen as a triangle, 
whereas this is not usually true of Pig. a. 

Auditory thresholds: Are two ears better than one? As we 

have said, the method of limits is used primarily to determine 
sensory thresholds. This experiment will consider some of the 
problems involved in determining auditory thresholds. For any 
given frequency of the sound wave the lower absolute threshold of 
intensity may be plotted. The physical intensity of a tone is measured 
by a scale, the units of which are called decibels. 

Monaural intensity thresholds may be determined by feeding the 
sound into one ear and by the use of heavily cushioned earphones 
which prevent bone conduction of the sound wave to the other 
ear. An experiment by Sh aw. New man, an^. Hir^h, (350) was 
designed to determine whether or not a binaural threshold was 
lower than the monaural threshold. The experiment demonstrates 
the method of limits in considerably modified form, the modifica- 
tion being necessary for this particular problem. 

The tones tiscd in this experiment were produced in pure form 
by commercially built oscillators. Es presented the tones in “beep- 
beep-beep” fashion rather than continuously. It is necessary, in 
designing the experiment, to control for slight differences in the 
sensitivity of the earphones. Shaw, Newman, and Hirsh indicate 
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that to get the best estimate of the thresholds for binaural and 
monaural presentation the following six conditions are necessary: 

Right ear alone: Earphone A 

Right ear alone: Earphone B 

Left ear alone: Earphone /I 

Left car alone: Earphone B 

Both ears: Earphone if on left, R on right 

Both ears : Earphone A on right, B on left 

For each of these six conditions a threshold would be determined. 
The mean of the first two conditions gives the best estimate of the 
threshold for the right ear, whereas the mean of the third and 
fourth conditions yields the estimate for the left ear. The mean 
of all the first four conditions gives the best estimate of monaural 
thresholds. The mean of the last two conditions provides the 
estimate of the threshold for binaural hearing. If there are differ- 
ences in the sensitivity of the earphones, the series of conditions 
spreads the influence of these differences equally over the binaural 
and monaural measurements. Furthermore, since there may be 
practice effects, all 5s should not take the conditions, in the order 
l3itcd,~Tn this particular experiment a random order of the six 
conditions was determined for each S by drawing numbers from 
a box. All Ss went through all six conditions but in different order. 

For careful determination of thresholds, well-practiced Ss are 
desirable. S usually works in a sound-proof room. When the tone 
coming through the earphones is of very low intensity, noises 
emanating from the body and the head of S appear to assume 
considerable magnitude so that S must be skilled in distinguishing 
these noises from the tone in the earphone. The modified method 
of limits used in this present experiment required S to determine 
his own threshold. The tone was initially set considerably above 
threshold. S then manipulated a dial thereby reducing the tone to 
near threshold level. At this point S would “play around,” first 
increasing and then decreasing slightly the intensity of the tone 
until he believed that he had the best estimate of his threshold, 
lOne of the characteristics of the tone at the threshold is that 
it disappears and reappears even without changes in the physically 
measured intensity being present/ This again emphasizes the non- 
static character of thresholds. Results from this experiment for 
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14 different frequencies show that the binaural threshold is one 
to two decibels lower than the monaural threshold. This differ- .j 
ence seemed to be independent of frequency and was also found! 
when speech sounds were used instead of pure tones. 

Measuring animal dhresholds. The illustrative experiment we 
will consider here concerns the measurement of differential thresh- 
olds in the cat. Such a study poses some interesting methodo- 
logical problems. How is the cat going to tell E when it notices 
a difference in the intensity of a tone? Verbal communication 
being out of the question, some other method must be devised. 
Basically the method consists in first training the animal to make a 
response to a change in stimulation. To do this, the conditioning 
technique, to be discussed fully in a later chapter, is used. In this 
particular experiment by Rosenzweig (322), the cat was placed 
in a rotary cage the floor Twirs-nf which were wired so that the 
cat could be given an electric shock. In setting up the conditioned ’ 
response a tone of a particular frequency was sounded and the 
intensity of that tone increased noticeably (to the human ear) 
..by a scries of steps. After some change in intensity had taken place 
'J the cat was shocked. The cat soon learns that a “change in intensity 
f means that I am going to get shocked." After several trials, then, 
the cat starts to run whenever a change in intensity is noted. If 
the cat started to run soon enough no shock was given. An essential 
control to this procedure is that the sound be kept on at all times 
so that the cat does not learn to respond to the onset of a tone 
rather than to changes in its intensity. 

Once the animal has been trained to respond to a change in 
intensity, the measurement of the threshold can proceed. The 
learning has established a communication system between the cat 
and E. E can gradually increase (or decrease) the intensity until 
the cat responds by running. When the cat responds in this fashion 
it is assumed that the animal has discriminated a difference in 
j intensity. E has thus measured the stimulus change necessary to 
produce a just noticeable difference in the animal. In this experi- 
ment it was found that the difference threshold in the cat was 
slightly larger than difference thresholds in humans at corresponding 
frequencies. 

The above are enough samples of the uses to which the method 
of limits can be put. We cannot compile the mass of facts for all 
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the various stimulus dimensions of the various sense modalities, but 
we should understand the variety of threshold measurements for 
which the method is adaptable. We have not considered much in 
the way of theory which prompts most investigations. To a large 
extent the theories relate to physiological structure of the sense 
organs and the relationship of these to the central nervous system. 
In order to present the theories in any meaningful fashion we 
would have to expand the physiological discussion far beyond the 
scope of this book. 

The method of limits is by no means restricted to the study of 
laboratory problems on “pure” sensation. The method may, if 
one desires, be applied to a problem which has immediate practical 
importance. For example, one investigator (16, 17) has recently 
published a series of experiments in which he has determined the 
optimum form, size, and light-dark color combination of numbers 
for automobile license plates. His determinations were made 
entirely by the method of limits under conditions of both day and 
night driving. As a consequence of the work, he has been able to 
patent the system of license plates which gives optimal recog- 
nition thresholds. The practical implications are obvious; the 
policeman ctin see license plates at a greater distance than hereto- 
fore even though the plates themselves are no larger. 

Sommary of Section on Method of Limits 

I. The method of limits has been used largely to determine 
lower absoluie ‘thresholds and difference thresholds. Essentially 
the method consists in varying a stimulus along a given dimension 
and finding the point at which it no longer evokes a response 
(absolute threshold) or at which point it is just discriminably 
different fi:om a standard stimulus (difference threshold), 

8. Constant errors of habituation and expectation were dis- 
cussed. The inevitable variable error is present as in most 
psychological measurements. The variability of the threshold 
measurements emphasizes the non-static character of the threshold. 

3. Relationships between the size of the difference threshold 
and the standard stimulus were discussed. The simplest statement 
of the relationship is known as Weber’s law, which states that the 
ratio between a standard stimulus and a difference threshold for 
a given stimulus dimension is a constant fraction of the standard 
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stimulus. The law holds roughly over a wide range of magnitudes. 

4. Samples of experimental procedures and results have been 
presented as typical of the problems to which the method of limits 
is applicable. 



CHAPTER III 


Discriminal Processes : Methods of Study II 


We shall continue the discussion and illustration of the methods 
which have been used to study the discriminal processes. In this 
chapter we shall consider two methods: (i) the method of con- 
stant stimuli; and (2) the method of equal appearing intervals. 

THE METHOD OF CONSTANT STIMTULI 
The Method 

This method is one of the oldest psychophysical methods. Tradi- 
tionally, it has been used for much the same purpose as the method 
of limits— to measure thresholds. One variation of the method has 
been used to measure absolute thresholds, another to m^sure 
difference thresholds. As we have done with the other methods, 
we shall present first an hypothetical pure case of procedure and 
results. 

The method applied to absolute thresholds* In the method 
of limits, S is presented a stimulus of gradually changing magnitude 
and is asked to report when the experience ceases (descending 
series) or when the experience starts (ascending series). In the 
method of constant stimuli each trial consists of the presentation of etn 
invariable stimulus with S asked to report its presence or absence. On 
successive trials, stimuli of different magnitudes are presented, 
some of them being sufficiently great to be above threshold, hence, 
experienced, and some weak enough to be below the threshold so 
they are seldom experienced. These stimuli are not presented in an 
ascending or descending order of magnitude but rather in a random 
order. Let us illustrate the method by working with a lower absolute 
visual threshold. 

E, by preliminary work, determines the approximate value of 
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iS’s absolute threshold. Then a series of stimuli is chosen extending 
from well below to well above this threshold. E will choose 4 to 
10 stimuli to make up the series. The weakest stimulus will be weak 
enough so that rarely will S report its presence; the strongest 
stimulus will be strong enough so that S Will almost always report 
its presence. The other stimuli form equal steps on a physical scale 
between these two extremes. E determines a random order for 
presenting these stimuli, (consequently, one of weak magnitude 
may be presented first; a strong one next, and so on. Each stimulus 
is presented an equal number of times, perhaps a hundred times 
or more. 

Let us say we have chosen six light intensities with one unit of 
a physical scale separating each successive magnitude. The lowest 
stimulus magnitude has a value of 7, the highest a value of 12. 
These are presented to S' in random order 100 times each, with 
instructions to report at each trial if a stimulus is “present” or “not 
present.” As in the method of limits, the experiment would be 
carried out in a dark room, with S well habituated to the situation 
and watching a fixation point so that he knows where to expect 
the stimxilus. After the , presentation of each stimulus E records 
whether S responded positively or negatively. For each stimulus 
value E would obtain a percentage or proportion, indicating the 
relative frequency with which S reported the stimulus present. 
In this hypothetical experiment the following data were obtained : 

Stimulus Value: 7 8 q 10 ii la 

Percentage of times reported present: 3 11 35 68 87 99 

The is that lowest stimulus value which is 

noticeable 50 per cent of" 9 ic time. In the data above we note that 
a stimulus value of g was perceived 35 per cent of the time; a 
stimulus value of 10, 68 per cent of the time. The threshold must 
lie somewhere between these two values since, presumably, some 
value between 9 and 10 would, if actually presented a number of 
times, be judged present half the time and absent half the time. 

From the above data there are two relatively simple ways in 
which a close approximation of the threshold can be obtained. 
One, a graphical method, consists in plotting the data with the 
stimulus values along the abscissa and die percentage values along 
the ordinate. Drawing a smooth curve through, or as near as 
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possible 'to the empirical points, will allow us to discover where 
the curve passes through the 50 per cent point. Such a curve is 
shown in Fig. 13. Dropping a vertical to the abscissa from the 50 
per cent point we find the stimulus value is about 9.4. This value 
will vary slightly, of course, depending on the precision with which 
the curve is drawn, but it represents a fair approximation of the 
absolute threshold. 



Fto. 13. Graphical determination of the absolute threshold. The threshold value 
is approximately 9.4. 

A second, and more accurate method, uses the same technique 
as employed in finding the median o f a distribution of scores. The 
total “percentage distance” "between the stimulus value 9 and the 
stimulus value 10 is 33— obtained by subtracting 35 from 68. We 
know that the 50 per cent point (defining the threshold) is 15 
percentage points above 35 per cent, or 15/33 of the stimulus 
difference between 9 and 10. The step interval being i, the “dis- 
tance” we have to go into this interval is 15/33 ^7 whndi is .46.^ 
Therefore, the stimulus value which should be judged present 
50 per cent of the time would be 9 plus .46, or 9.46, a slightly 
larger figure than obtained by the graphical method. This method 
of finding the threshold is sometimes called linear interpolation. 

Determination of thresholds by the method of constant stimuli has 
one distinct advantage over threshold determination by the method ' 
of limits. In the method of constant stimuli the randomization 
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of the stimuli probably eliminates the errors of expectation and 
habituation which may mar the threshold measurements by the 
method of limits. In fact, all things considered, there is reason 
to believe that the method of constant stimuli yields a somewhat 
more precise threshold than docs the method of limits (125). 
Exam i na tion of current psychological literature, however, shows 
that the method of limits is being used much more widely for this 
purpose. 

The method applied to difference thresholds. The determi- 
nation of difference thresholds by the method of constant stimuli 
requires a standard stimulus against which other stimuli of varying 
magnitude are judged. Let us take for our illustration of the mechanics 
of the procedure a discriminal process which is a classic laboratory 
exercise; namely, judging weight differences. 

For this illustration the standard weight against which all other 
weights will be judged is 100 grams. We construct a series of 
comparison weights which varies from the standard only in weight 
and not in any other characteristic, i.c,, wc make these weights 
the same size, same texture, and so forth. Small aluminum cans of 
identicsil size have often been used with lead shot determining 
the weight. The shot, regardless of the amount in tire can, is held 
in fixed position by the addition of cotton, S, blindfolded while 
making the judgments, can get no cues for judging differences 
other than those supplied by the independent variable — the weight. 
In choosing the comparison weights it will be necessary to make 
the extremes of the series clearly different from the standard, i.e., 
the lightest in the series should be judged lighter than the standard 
nearly too per cent of the time, and the heaviest, judged heavier 
than the standard almost too per cent of the time. In our series 
the lightest weight is go grams and the heaviest, no, with step 
intervals of two grams so that the comparison series is as follows: 
90, 92, 94, 96, 98^102, 104, 106, 108, no. Each variable is com- 
pared with the standard many times. As in the determination of 
the absolute threshold, comparison weights will be presented in 
random order. 

The two stimuli (standard and variable) arc presented to S in 
succession, S “hefting” them one at a time with one hand — he does 
not hold them' simultaneously, one in each hand. If the standard 
were always lifted first and the comparison weight second, a 
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constant error might be introduced from the order of presentation 
as a result of the time interval between stimuli. Consequently, in 
half the cases the standard is lifted first and the variable second ; 
in the other half the reverse order holds. S must judge whether 
the second weight lifted is “heavier” or “lighter” than the first. 
E determines the percentage of times each comparison weight is 
judged heavier than the standard. 



Eio. 14. Representation of the results of the weight-lifting experiment using 
the method of constant stimuli. A standard weight of 100 gm. was used and com> 
pared with each variable weight. The points for the curve are determined by the 
percentage of times each weight was judged “heavier than" the standaro. As 
depicted here, the point of subjective equality is too gm., the lower difference 
thnshold slightly over 3 gm., and the upper difference threshold slightly less than 
4gm. 


Figure 14 is a graphical representation of the results obtained in 
this hypothetical experiment on a single S. Since we have counter- 
balanced the order of presentation of the standard and variable 
weights, no constant errors due to procedure should be present. 
Hence, the point at which our curve crosses the 50 per cent line 
should be directly above the standard weight of 100 grams as 
indicated on the abscissa. The value will probably vary slightly 
from the value of the standard due to variable error. The value 
can be determined also by finding the me 9 i^ value between the 
proportion for the weights immediately below .50 and that im- 
mediately above. This wfe have done in the previous illustration of 
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the absolute threshold. This value, it will be realized, is the point 
of subjective equality — the weight which is apparently equal to 
the standard weight. 

The procedure for finding the difference threshold from data 
obtained by methods similar to the present is a point on which 
there has been disagreement (1S5, 423). For our purposes a simple, 
but slightly rough way may be used. This method meets all the 
requirements of the statistical difinition of a difference threshold 
and becomes very similar to the method employed in the method 
of limits. Here, as in the data obtained by the method of limits, 
we have two difference thresholds, one above the point of sub- 
jective equality and one below the point of subjective equality. 
The upper difierence threshold would be that stimulus range from 
the point of subjective equality to the upper point at which the 
judgments are correct 50 per cent above chance. In terms of the 
graph this would actually be at the 75 per cent level. The lower 
difference threshold would be the stimulus range between the 
point of subjective equality and the lower stimulus value which is 
correct 50 per cent oftencr than chance. This is the 25 per cent 
point on the graph. 

This determination of difierence thresholds may seem a little 
confusing at first, but if you will re-check on the definition of a 
difference threshold and study the graph, it should become clear. 
Note, for example, how the curve would look if we assumed a 
very small difference threshold — much smaller than shown on the 
graph. In such a case S might get all or nearly all correct re- 
sponses when comparing the g6-gram weight with the loo-gram 
standard and the 104-gram weight with the standard. This would 
mean that the new curve would rise at a much sharper angle. Then 
if verticals were dropped from the point of subjective equality and 
the 25 per cent and 75 per cent points on this hypothetical curve, 
the stimulus ranges defining difierence thresholds would be smaller 
than those shown in Fig. 14. On the other hand, if the curve is 
flattened a great deal and a greater range of comparison stimuli 
used, it can be seen that the stimulus difference which is noticeable 
50 per cent of the time would be greatly increased. 

The graphical determination of the 50 per cent point above 
chance is probably as accurate as when the median formula is used, 
since the curve is less linear at these points (25 per cent and 75 
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per cent) than in the middle range. Hence, some error is involved 
in assuming linear interpolation. If the curve drawn does not 
deviate widely from any of the empirical points, and if the em- 
pirical points arc based on many judgments, the graphical de- 
termination of the difference threshold as suggested here is accurate 
enough for elementary laboratory work; hence, otlier methods will 
not be duscussed. 

Supposing S lifts two weights and can distinguish no differ- 
ence? In the procedure we have been discussing, S could respond 
only with “heavier than” or “lighter than,” even when he could 
perceive no difference between the weights. Some Es have allowed 
S to give an “equal” response although there is apparently not a 
great deal gained by it (125, 422). Furthermore, it has been shown 
(4a) that even when S adamantly asserted that he could not 
distinguish a difference in two weights his forced choices were 
better than chance, i.e., his decision as to which was heavier con- 
curred with the physical measurements more often than chance 
would allow, S believed he made sheer guesses and yet these 
guesses were more often correct than incorrect. 

As in all the methods thus far discussed, there are deviations 
from the modal procedure which defines the present method. One 
of the variations on the method of constant stimuli has been called 
the method qf single stimuli. In this method S does not have a 
standard for comparative purposes but instead makes an absolute 
judgment. Ratlier than being asked to judge which of two weights 
is heavier, he is asked to make a judgment as to the actual weight 
of the stimulus. It is presumed that a subjective scale or sub- 
jective standard of some sort is built up and this subjective stand- 
ard becomes the comparison weight. The weight guesser at the 
county fair uses such a method. He probably has a series of sub- 
jective standards built up through experience so that each new 
contributor is judged relative to one of these standards. The 
standard by which the new individual is judged is determined by 
an estimate of the he^ht, the bone structure, the “width,” solid- 
ness, and so forth, of this individual. If the guesscr’s standards are 
fairly well fixed he can allow himself a few pounds margin of error 
and do rather well. 

We are going to consider the method of single stimuli more 
fully in the next chapter since most of the current work with 
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this method concerns stimuli which are not described by physical 
dimensions. 

Illustrative Experiments Using the Method of Constant 

Stimnli 

One of the most widespread uses of the method of constant 
stimuli has been in investigating a constant error called the time 
error. Because a considerable amount of work is being done cur- 
rently on this phenomenon, we shall consider several experiments 
specifically designed to study it. These reports, as we shall see, 
provide a good working illustration of the relationship between 
experimentation and theory in a restricted area of behavior. 

The time error. When judgments are made concerning the 
relative amount of a given characteristic of two objects, and when 
these objects are presented successively, there is the possibility 
that processes going on during the time interval between the two 
observations may influence the judgment. Thus, if S' lifts two too 
gram weights in succession, it is possible that the “lifts,” separated 
in time, may affect his observations. Obviously, if this time inter- 
val does influence the judgments in a systematic fashion we have 
evidence for a constant error, the time error. In the weight-lifting 
experiment such processes usually produce a constant error in the 
direction of judging the second weight heavier than the first, even 
though objectively they are the same in weight. To determine if, 
and in what direction the error is operating, E subtracts the 
standard stimulus value from the stimulus value defining the point 
of subjective equality. In the weight-lifting experiments we usually 
have a negative time error; the second of two equal weights is judged 
heavier than the first. If the second of two equal stimulus magnitudes 
is judged less than the first, we would have a positive time error. 

In a well-controlled weight-lifting experiment rather elaborate 
rotary trays have been devised to present the stimuli to S. The 
weight to be lifted is presented directly under the band of the 
blindfolded so that all he has to do is pick it up for a second or 
two, get an “impression” of its weight, and then replace it. E 
immediately presents the second stimulus (by rotating the tray) 
so that it too is lifted merely by lowering the hand and grasping 
the container. After the second weight is lifted and S responds by 
indicating that the second weight is either heavier or lighter than 



DISGRIMINAL PROCESSES: II 73 

the first, E moves the tray on to another stimulus, and so on. Even 
with relatively short intervals between “lifts” of the two weights, 
perhaps 2 or 3 seconds, a negative time error may be operating so 
that the second will be judged heavier than the first more often 
t han expected by chance. Of course, the over-all influence of the 
time error will be cancelled if the variable weight is different from 
the standard, and if these weights are presented in a series of 
judgments so that half the time the standard appears first and 
half the time the variable appears first. The data would then be 
fractionated to determine the extent of the time error. 

If the time error itself is being studied, the counterbalancing 
procedure is not used. Rather the standard is always presented 
first with the variable stimuli second. Then, if we plot the curve 
relating the percentage judged greater to the magnitude of the 
variable stimuli (as in Fig. 14), the point of subjective equality 
may be used as a means of determining the extent and direction of 
the time error. If the point of subjective equality is a value greater 
than the standard, the time error is positive; if the point is less than 
the standard, the time error is negative. 

niustration of the time error. As suggested by the name of 
the time error, the length of the time interval between tlie two 
stimuli is an important variable in determining the extent of the 
error. The relationship is exemplified in a study by Postman (297). 
The standard stimulus was a 1000 cycle tone, always set at an 
intensity of 75 decibels above the threshold. Comparison tones 
varying in intensity both above and below the standard were used. 
The standard was always presented first, the variable second. The 
effect of four different time intervals between the standard and 
comparison tones was determined, the four intervals being i, a, 
4, and 6 seconds. Four iJs took part in the experiment and, as 
shown in Fig. 15, the time error becomes greater and greater as 
the interval between the standard and comparison tones increases. 
At first the error is slightly positive but becomes negative and 
increasingly so as the interval becomes longer. 

Time error theory. In order to understand the implications of 
some recent experiments, we must have a general comprehension 
of the nature of the theories which have been formulated to ac- 
covmt for the time error, specifically, the negative error, since such 
an error is usually found. Most prominent in tenns of the number 
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of adherents and the number of publications built around it is 
the trace theory. In general terms the trace theory postulates that 
the first of the two impressions fades or weakens between its 
presentation and the presentation of the second stimulus. If this is 
true, the second stimulus would be judged greater than the first 
because it is compared with a faded impression of the first. Thus, 
if the two stimuli were objectively equal, the second would be 



Time (see.) Between Prosentation of Standard 
and Venable Tone 

Fio. 15. The time error as a function of the length of the interval between the 
standard and the variable. The standard and comparison tones were 1000 cycles. 
The standard was set at 75 decibels intensity and the comparison tones varied 
above and below that level. A positive time error indicates that the point of 
subjective equality was greater than the standard; a negative error indicates the 
point of subjective equality was less than the standard. Data from Postman (997). 

judged heavier than the first and give a negative time error. For 
oux purposes we need not — as indeed we cannot — specify the exact 
nature of the trace of the stimulus other than its basic characteristic 
of fading with the passage of time. 

Recent studies have shown that in some instances where negative 
time errors have been found, a slight change of conditions may 
produce a positive or zero time error. These findings must neccS' 
sarily have a bearing on the theory suggested to account for the 
errors. We shall consider some of these studies and their implications 
for the theory. 

Factors producing positive and negative time errors* An 

experiment by Marchetti (245) was concerned with the judgment 
of visual extent. Instructions to the Ss were as follows: 
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You will be shown a black line on a white cardboard. After a brief 
interval another line will be shown to you. You are asked to judge the 
length of the second line in terms of the length of the first, i.e., whether 
the second is equal to, or shorter or longer than the first. Make your judgment 
as soon as you can after you sec the second line (245, p. a58). 

In all presentations the standard line was shown before the variable 
line. It will be noted that Marchetti allowed “equal” judgments. 
To determine the point of subjective equality from such data the 
median of a distribution of equal judgments is employed. E used 
several different line lengths and several different intervals between 
the presentation of the standard and the comparison line, but in 
most cases there was a clear-cut indication of a positive time error; 
that is, the point or length of subjective equality was greater 
than the standard length. Under certain conditions, however, a 
negative time error was produced. If the two lines to be compared 
were of equal length but with one drawn on a smaller card than 
the other, the one on the smaller card appeared longer. Hence, 
placing the second of the two stimuli on the smaller card produced 
a negative time error. In addition to the length of line as such it 
became evident that other factors in the situation entered into the 
judgments. The relative length of the line to the card on which 
it was drawn determined, to a certain extent, the impression S 
carried over to the judgment of the second stimulus. This is an 
illustration of a process called assimilation, 

Marchetti used tachistoscopic exposure of the stimuli in his 
experiments. McClelland (aaG), in a series of closely coSrdinated 
experiments designed to study the time error in the judgment of 
visual extents, used screen exposures in which the end of the brief 
exposure period was brought about merely by turning off the 
projector lamp. Under such conditions McClelland found a nega- 
tive time error — ^in direct contradiction, it appeared, to Marchetti’s 
results, McClelland observed, however, that in turning off the 
projector lamp at the end of the exposure period the stimulus on 
the screen did not cut off abruptly but gradually faded as the 
filament in the lamp cooled. This suggested to him that the 
negative time error which he had found might be due, not to a 
faded trace of the first impression, but to a fading in the stimulus 
itself so that the final impression of the first stimulus would be 
one of “lessness” when compared with the second of objectively 



76 EXPERIMENTAL PSYCHOLOGY 

equal length. To test this hypothesis he changed the procedure 
to make it comparable to Marchetti’s: namely, so that (as with a 
tachistoscope) die beam of light from the projector would be cut 
off quickly; hence the line on the screen would not fade. Under 
such conditions the time error appeared as positive instead of 
negative and thus confirmed Marchelti’s findings. 

McClelland’s results led him to survey the conditions under 
which the time error had been found in other sensory modalities, 
and his conclusion is that in many cases the time error may be due 
to a “fading in the sensation itself, caused either by a fading 
stimulus source or by receptor-adjustments following stimulation” 
(qad, p. 94). Applying this hypothesis to lifted-weights data, for 
example, McClelland points out that the last impression obtained 
from the first of the two weights lifted comes when the weight is 
put down, when the muscles are no longer holding the full weight. 
The final impression of the first weight might be somewhat less 
than it was when lifted and held. To test this possibility a weight 
lifting experiment was performed in which the first weight was 
dropped instead of being set back down. Preliminary results from 
this experiment confirm the prediction that under such conditions 
the negative time error should disappear. McClelland’s basic con- 
clusion is that some instances of negative time error can be 
explained on the basis of artifacts in the experimental situation 
and that a trace theory need not be used. 

But what about the positive time errors in the judgment of visual 
extents? Both Marchetti’s and McClelland’s work suggest that the 
concept of assimilation is adequate to account for positive time 
errors. In one Of McClelland’s experiments Ss made judgments of 
visual extents in a room which was completely darkened so that 
no contours of the screen or room were seen. Under such condi- 
tions the positive time error almost disappeared. It is presumed 
that the removed of the room contours by imposing darkness left 
nothing with which the stimulus could assimilateu What does 
appear obvious is that the time error is subject to considerable 
variation by slight changes in the stimulus situation. Es must state 
in detail under what conditions the positive, negative, or zero time 
errors are found. 

So much for the time error. We have seen that the time error 
can be changed markedly by varying conditions. We have also 
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seen that theory has played a large part in directing the experi- 
ments which have been performed in recent years. 

Judgment rima and confidence. It is a common observation 
that certain decisions require longer to make than do others. 
When decisions take a long time it appears to be caused by the 
fact that the differences between the alternatives are slight. In 
simple form, if we were to judge which of two weights was heavier, 
it would take less time to judge an 8o gram weight against a too 
gram weight than it would a 96 gram weight against the too 
gram. The greater the similarity in amount of a physical attribute 
possessed by two stimuli, the longer it will take to make a judgment 
concerning the relative amounts of the attribute. 

Studies by Festinger (94, 95) show that there are other response 
characteristics associated with judgment time, one of these being 
the confidence in the judgment once it is given. In studying this 
problem, Festinger used the method of constant stimuli but pre- 
sented the two stimuli simultaneously so that the time error did 
not enter into the results. 


Two black metal boxes were used for presentation of the stimuli. 
Ordinary electric light bulbs were placed inside each box. In front of 
each box was an opening, ^ 1 ^ inch wide, extending the length of the box. 
A metal strip, placed through grooves on each side of the opening, could 
be moved back and forth so as to cover up all or any desired portion of 
the open part. The opening itself was covered with heavy ground glass 
through which the light could shine. 

The boxes were mounted upon a table 3 1 inches high so that the open- 
ings in front of the boxes were verticaL The distance between the neighbor- 
ing edges of the two vertical lines was 9 inches. A black cardboard screen 
with two slits in it was mounted in front of the apparatus so that the only 
thing visible from the front was an homogeneous black background and 
the two vertical lines. The experiments were always carried out in total 
darkness so that nothing could be seen until the two vertical lines were 
illiuninated. 

The Ss sat in a chair 130 inch» away from the apparatus and midway 
between the two vertical stimuli. 

The two lines were presented simultaneously to the S for 0,5 second. 
The duration of the presentation of stimuli was controlled by an electron 
tube tachistoscopic timer. When the tachistoscope was turned on, thus 
illuminating the vertical lines, an electric stop clock started. After 0.5 
second the lights went off automatically, but the clock kept turning until 
the S‘s response activated a voice key which stopped the clock. . . , After 
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each response, the experimenter, using a very dim flashlight, recorded the 
proper data and set the apparatus for the next presentation. 

The stimulus line at the left of the S was always kept at a length of 
inches. This we shall refer to as the standard. The length of the other 
stimulus line was adjusted by means of the sliding metal strip. . . . This line 
we shall call the variable stimulus. 

Fifteen positions of the variable stimulus were used, seven shorter than 
the standard, seven positions longer than the standard, and one position 
equal to the standard (94, pp. agi-aga). 

In determining the relationship between judgment time and 
the confidence in the judgment, the following special instructions 
were given: 

After making each judgment you are to express your confidence that the 
judgment was correct in the following terms; 50 per cent confidence means 
average or median confidence, the amount of confidence one usually has 
in most of one’s judgments; 75 per cent means confidence definitely above 
average, the amount of confidence you have when you are quite sure you 
are right; similarly, 35 per cent means definitely below average confidence, 
the amount you have when you arc only guessing; 100 per cent confidence 
is at the extreme cud of the scale of confidence and means complete 
certainty, no possibility of error; similarly, zero confidence is at the other 
end of Ac scale of confidence and means no confidence in your judgment 
whatever; you arc just as likely to be wrong as right. 

Thus, you are to construct a “mental scale” of confidence wiA 50 per 
cent in the middle, 35 and 75 per cent on each side of Ae middle range, 
and too per cent and zero per cent way out at the ends of Ae scale (94, 
P- assi- 
es were given preliminary practice until Aey were well ac- 
quainted wiA Ae procedure. On Ae experimental Aials, each S 
made 40 judgments for each of Ae 15 variable lengths. The 
results of one S are inAcated in Fig. i6, showing the relationship 
between Ae difference m Ae actual lengAs of Ae standard and 
variable and Ae confidence expressed in Ae judgment. The confi- 
dence scale along Ae ordinate is constructed so Aat Ae zero 
point, Ae value to be used when S has no confidence, is in Ae 
middle, wiA a scale to too running above and below this. The 
relationship is quite clear: namely, that as the difference in the 
lengths of Ae variable and standard increase, confidence in Ae 
judgment likewise increases. Kesults of other Sa, not plotted, 
Aowed similar results. 
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Related work. The rationale of the method of constant stimuli 
underlies work in other areas. The revised Stanford-Binet Test 
of Intelligence (376) is so constructed that the scoring procedure 
follows the basic philosophy of the constant methods- S is given 
■first a series of problems all of which he can answer correctly. 
This is done by presenting problems fitted for an age level below 
that of S. The examination proceeds by increasing the difficulty 



Pio. 16. Relationship between physical stimulus differences of two lines and 
the confidence expressed in judging these differences. S was asked to judge whether 
one line was shorter or longer than the other and then express nie confidence 
rating. The curve shows that the greater the difference in the length of the two 
lines the greater the confidence in the judgment. 100 indicates high confidence; 
o, low cc^dence. Adapted from Pestmger (94). 

of the items in a series of steps until all items at a given level are 
missed. E has explored the range of responses fi:om the point 
where all items are answered correctly to the point where all 
items are answered incorrectly. S’a mental age is certainly not at 
the highest age level where all items were correctly answered and 
just as certainly not at the lowest age level where all were failed. 
The mental age must be somewhere in between. The highest 
level where S correctly answers all problems is called the basal 
age. Above this is a series of age steps for which the problems 
are increasingly difficult and S will miss more and more until the 
level is reached where none is correct. To the basal age is added 
the number of correct responses obtained at the various ages 
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above the basal age. The best guess as to the mental age is near 
the age level where S gets 50 per cent of the problems correct, 
though in actual practice it is somewhat higher. Since different 
sets of problems are related to different age levels, 5 ’s mental age 
is an estimate of the point or age level associated with the set of 
problems on which he scores 50 per cent correct. Mental age is 
then used in deriving intelligence quotient (IQ,). 

The Seashore Measures of Musical Talents (342) use the method 
of constant stimuli in determining the musical aptitude of S. For 
example, in determining the acuity of pitch discrimination, S' is 
presented with a series of paira of tones and is asked to judge 
whether the second tone is higher or lower in pitch than the 
first. These stimuli are presented phonographically and the series 
includes pitch differences which are easily discriminable and 
differences which are not perceptible. If S on the average is able 
to discriminate only large differences as compared with the 
average, it indicates a large difference threshold and a likelihood 
of rather low musical aptitude. The smaller the difference thresh- 
old the greater the sensitivity to pitch difierences and, when taken 
in conjunction with small thresholds along dimensions such as 
intensity and rhythm, the greater the probability of 5 being a_ 
successful musician. 

Summary of Section on Method of Constant Stimuli 

I, The method of constant stimuli has two major variations: 

a. For finding absolute thresholds, single stimuli in the region of the 
threshold are presented and .S' notes their presence or absence. The threshold 
is determined by calculating the stiinulus value which will elicit the 
response of "present” 50 per cent of the time, 

b. For finding difference thresholds, S is presented pairs of stimuli and, 
after the presentation of each pair, judges whether the second stimulus is 
of greater or less magnitude than the first. In each pair is a stimulus which 
remains constant with regard to the amount of the stimulus characteristic 
under consideration. This is called the standard stimulus. The second 
member of the pair is the variable or comparison stimulus in that it is, in 
successive pairs, varied in amount extending both above and bdow the 
amount of the standard. Each pair is judged many times and the standard 
will follow and precede the variable an equal number of times. The 
variable stimuli are presented with the standard in random order, thus 
difierentiating the method from the method of limits. 
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2. A major source of error arises when the two stimuli are pre- 
ented successively rather than simultaneously. This constant 
error, the time error, has been widely investigated and much of 
the interest in the constant method seems to be perpetuated be- 
cause the method allows for the study of this error. Several recent 
studies pertaining to the time error were reviewed. 

THE METHOD OF EQjUAL. APPEARING INTERVALS 

Most boys have had the experience of laying out a sandlot 
baseball diamond without benefit of a measuring tape. The pro- 
cedure consists of finding a suitable place for home plate and 
then attempting to place the bases so that they are equally spaced 
and at distances that seem to approximate those of the oificial 
diamond. In laying out this diamond the idea is to make the dis- 
tances between bases appear as equal intervals. Because we recog- 
nize the error in our instrumentally unaided judgments, we often 
have "stepped off” the distance to aid in equalizing the intervals. 
It so happens that the visual equalization of distances is a well- 
practiced discriminal process in our culture and we can be sur- 
prisingly accurate except when certain distractions are added to 
bias our judgments, as in the case of tlie Mfiller-Lyer illusion. The 
breaking up of a “sense distance” into equal psychological intervals 
is the major purpose for which the metliod of equal appearing 
intervals was devised. 

Before considering the details of the method, wc must give 
some attention to problems of measurement which thus far we 
have skirted. It is necessary to understand the implications of 
these problems in order to comprehend the purposes and uses of 
the method of equal appearing intervals. 


Scales 

Qjiantified dimensions which reflect characteristics of physical 
phenomena are often called extensive scales. * The major characteristic 


♦ Do not take the word extensive literally. As used in the present context it 
does not imply “large, or extended in space.” Likewise, the term intensive, to be 
introduced Aorfly, is not to be given its usual meaning. Their specM meanings 
as customarily applied to the subject matter wc are discussing, will he m H** 
clear in the text. 
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of an extensive scale is that the unit of measurement is the 
same size throughout the entire dimension. To put this briefly, “an 
inch is an inch,” or, “a foot is a foot”; the distance from 3 to 3 
inches is exactly the same as the distance between 15a and 133 
inches. We have seen that psychological response dimensions, even 
those which are largely a function of a single physical dimension, 
seldom show a one to one relationship with that physical dimension. 
Increasing the frequency of the sound wave from 100 to 800 cycles 
does not thereby “double” the psychological phenomenon of 
pitch. Since the psychological dimension does not directly parallel 
the physical dimension, we would know that a unit change in 
the physical stimulus at different places along its extensive range 
would not elicit equally differing psychological experiences. 
Weber’s law implies these facts. It thus remains somewhat of a 
problem, and an intriguing one, to construct a psychological scale 
in which the units are experientially equal throughout the entire 
dimension. 

If we were to construct a psychological scale with equal units, 
what unit of psychological experience might we use? One which 
has been suggested as being die smallest possible unit, having a 
counterpart in experience, is the difference threshold or just 
noticeable difference. Weber’s law has given us the basic infoi> 
mation that the amount of change in the physical stimulus neces- 
sary to bring about a just noticeable difference will vary as a 
function of the absolute magnitude of the physical stimulus. So, 
why not use the difference threshold, or some multiple thereof, 
as the imit of the scale and relate each difference threshold to a 
change in the physical dimension? For example, we might start 
near or at the lower absolute threshold for pitch, and add suc- 
cessive differential thresholds until the entire range is covered. 
Since each successive threshold is determined in exactly the same 
way regardless of the magnitude of the stimulus change, each should 
be experientially equal to all others. 

Such a procedure has been carried out on certain dimensions. 
There is, however, disagreement as to whether all differential 
thresholds determined in this fashion are equal. For some dimen- 
sions, the subjective experience associated with the ninth differ- 
ence "threshold in the series is not equivalent to the subjective 
experience associated with the twenty-ninth, merely to pick two 
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numbers as illustrations. What this means is that S, confronted 
with just noticeable differences from two different parts of a 
series, will not necessarily judge these differences to be subjec- 
tively equal. If this is true, and it has been I’eported in some 
cases, our units have a rather superficial or false equality — a 
difference threshold is not a difference threshold in the same 
sense that an inch is an inch. We must conclude that in spite 
of the quite obvious equalizing of the difference thresholds by 
the method used to measure than individually in a given series, 
we cannot use them as units of a scale without first demonstrating 
their phenomenal equality. For some dimensions of psychological 
experience they seem to be equal, for others not. 

In addition to the feature of equal units which we have dis- 
cussed, extensive scales have an absolute zero. This is easily seen 
in the case of physical measurements. Zero length, zero weight, 
and so forth, can be shown to be the logical limit to the lower 
end of the scale. For the scaling of psychological sensory experi- 
ences, the lower absolute threshold is usually assumed to be the 
absolute zero. 

Another property of extensive scales is that called additivity. 
This means that if we add two equal units together by the usual 
arithmetic operations, the resultant quantity will be twice as great 
as either alone. In the case of physical scales, such as an inch scale, 
this is easy to visualize. If we add the difference between a and 3 
inches to the difference between 3 and 4 inches, the resultant 
will be twice as great as either difference alone. For psychological 
measurements the feature of additivity would mean that if we 
have two psychological units which are equal (such as two dif- 
ference thresholds), and if we “add” them together, they should 
give an experience twice as great as either alone. We caimot attend 
to the problems involved in fulhlling this qualification for psy- 
chological dimensions except to say that the evidence is incon- 
clusive as to whether or not psychological scales have ever been 
shown to possess such additive properties (306). There is no 
reason to believe, however, that operations or procedures will not 
be found with which to accomplish the objective. It may be 
of course, that psychologists have been over zealous in their 
attempts to set up psychological scales which emulate physical 
scales, but it should be said that such attempts have been very 
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provocative in getting philosophers, physicists, and psychologists 
to analyze various problems of measurement. 

The fact is that few psychological dimensions can be called 
extensive scales. In most cases psychological dimensions have 
simply ordinal properties and are called intensive scales. An ordinal 
or intensive scale is just a rank order scale in which A is reliably 
measured as being greater than B, B greater than C, and so on, 
but it is not known that, nor assumed that the difference between 
A and B is the same as the difference between B and G. If, for 
example, we were to rank three foods, T-bone steak, spinach, 
and cod liver oil in order of preference, we would probably rank 
them as written. However, our preference for T-bone steak over 
either spinach or cod liver oil is much greater than the preference 
for spinach over cod liver oil. 

The Method 

The method of equal appearing intervals has been used to 
break down a psychological dimension, or a portion of that dimen- 
sion, into equal phenomenal units. In actual practice the S actively 
equates “sense distances.” As an example, let us say we set up 
two lights, one bright and one dim; between these lights there 
is a certain brightness “distance.” If you were given another light 
which could be varied in brightness, could you set the brightness 
of this variable light so that it would be hal^ay between the two 
standard lights? Could you bisect the brightness distance? If we 
gave you two numbers, say 5 and 11, and asked you to find the 
number which is half way between, you would easily establish this 
as the number eight. Cbuld you, in the same fashion, find the 
brightness value which is halfway between the two standards — the 
psychological eight? If you could do this in a reliable fashion we 
would say that you had equated two sense distances. We might, 
then, give you two variable lights and ask you to trisect the distance 
between the standards, or three variable lights and ask you to 
quadrisect the distance. All of these procedures may be spoken of 
asJracHonation of sense distances. 

Another procedure which may be used has the qualities of 
multiplication. We present a standard light and a variable light 
and ask you to adjust the variable so that it appears to be twice 
as bright as the standard. We might also ask you to set the 
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variable so that it is half as bright as the standard. The latter 
becomes a form of fractionation since setting the variable half 
as bright as the standard would be bisecting the distance between 
the standard brightness and zero brightness. 

From 5 ’s standpoint, equal appearing intervals as a method 
describes itself very well. Equal appearing intervals arc equal 
sense distances. In all the procedirrcs, of course, many measure- 
ments are taken and measures of central tendency and variability 
determined. 

Illustrative Experiments Using the Method of Equal 
Appearing Intervals 

Working out an equal unit scale for a psychological dimension 
becomes a rather complex procedure. The problem is that of 
establishing e;qual psychological units throughout a, dimension and 
relating each successive unit to a physical stimulus change. Since 
we know that the two dimensions are not perfectly correlated, 
we may expect that if psychological units are kept equal, the 
amount of physical change necessary to bring about these equal 
units must vary for different portions of the scale. We shall not 
attempt a complete follow-through on one of these projects, but 
we should go far enough so that you can get the idea of how such 
scales might be constructed. 

A pitch scale. We shall use as our illustration the work of 
Stevens and Volkmann (367), The problem is that of constructing 
a pitch scale of equal units as a function of frequency, with all 
other aspects of the physical stimulus held constant. 

Stevens and Volkmann used a special tone generator, an oscilla- 
tor, which would present S a series of pure tones. Using the method 
of fractionation, S manipulated three variable tones to fractionate 
a given pitch distance into four phenomenally equal parts. One 
might think of this as bisecting fet the total distance and then 
each of the two resulting halves, although in actual practice S was 
instructed not to work in this fashion. S was given as much timi» 
as he needed to make his equations, and several equations were 
made for each pair of standards. 

We will consider the results obtained on one standard sense 
distance: namely, the distance between aoo and 6500 cycles. One 
standard was set at aoo cycles, the other at 6500. S was to 
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quadrisect this sense distance. A schematic drawing of the results on 
lo Ss is shown in Fig. 17. Each 5 made five judgments each. It 
can be seen that on the average the & set the variable bisecting 
the total distance at aoaa cycles. The lower half was bisected at 
867 cycles and the upper half at 3393 cycles. The four pitch 
distances resulting were equal from S's standpoint. 
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Fio. 17. The quadrisection of a sense distsmee. iSs were presented with two 
standard tones, aoo and 6500 cydes, and were asked to break the total pitidi 
distance into four equal ijsurts by setting three variable tones. A judged aoaq 
cycles to bisect the total distance, and 867 and 3393 cycles the lower and upper 
halves respectively. Data from Stevens and Volkmann (367). 

Now, how would we begin constructing a scale showing pitch 
as a function of frequency so that the units of the psychological 
scale are equal? First, we would plot the physical scale along the 



Fio. 18. Relationship between pitch and frequency in which the pitch units 
are equal. The zero of the ordinate is not to be taken as indicating zero pitch; 
it is a zero reference point for the sense distance u^ here. Data from Stevens 
and Volkmann (367). 

abscissa. Usually this would be plotted in logarithmic units, but 
we shall plot it arithmetically as in Fig. i8. The pitch units, which 
the operations have defined as being equal, are plotted along the 
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ordinate so that equal ordinate distances represent equal pitch 
distances. Then if we coordinate the two axes as in Fig. 18, we 
have shown how much change in physical stimulation is necessary 
to bring about equal pitch changes along die dimension. Absolute 
zero can be determined by extrapolating the curve or by deter- 
mining the lower absolute threshold. According to Stevens and 
Volkmann, both methods yield about the same result, showing the 
zero point of pitch to be at !?o cycles per second. 

Results very comparable to those above have been found by 
presenting S with a single standard stimulus and requesting that 
a variable be set so that it will bisect the distance between the 
standard and zero. Using such a method, the following was found 
by Stevens and Volkmann. 

Standard: (c.p.s.) 150 250 500 1000 sooo 3000 5000 10,000 

Frequency Judged Half; 85 in ao6 373 633 loog 14.37 S064 

It is well to remember that a frequency judged half of a standard 
is a mean value, and successive judgments for the same standard 
would show a scattering of values. The fact that the variation is 
relatively small allows for rather precise scaling altimugh, of 
course, the variability increases as the absolute frequency increases, 
as would be expected from Weber’s law. 

Other attempts to set up response scales of an extensive nature, 
as well as a thorough discussion of the problems attending those 
attempts, may be found in Reese’s monograph (306), 

Construction of an attitude scale. In all the experiments dis- 
cussed thus far in Chapters II and III, E had control of a physical 
sdmulus which was manipulated along a carefully quantified 
scale, with the major problem being &at of relating a response 
dimension to the physical stimulus dimension. In the next chapter, 
and for the remainder of this chapter, we shall be concerned 
with problems in which E must attempt to quantify a suspected 
psychological continuum — a response dimension which is pre- 
sumed to vary from high to low, from weak to strong, from 
pleasant to unpleasant, but for which there is no known corresponding 
pl^sical dimension. 

The method of equal appearing intervals, as well as other 
methods to be discussed in the next chapter, htis been used in 
attempts to quantify human responses to stimuli which may vary 
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along many dimensions. We may ask, for example, to have S rate 
words for familiarity. Fairly high agreement could be reached on 
the familiarity dimension. What is the physical dimension which 
corresponds to the psychological dimension? Is it the number of 
letters in the word? Is it the angular shape of the letters? Is it 
the blackness of the ink? Is it a combination of these? Of course 
not. Familiarity can only seem to be very remotely related to 
such physicail dimensions. To think of familiarity as apart from 
the judgmental responses made by S is like asking, “But, how many 
times did he stutter?” (cf. p. 47). We must be especially careful 
not to place the judgment in the stimulus — the judgments are S’s. 
No one has been more vigorous in cautioning against this than has 
Peters: 

It (the error) consists in explicitly or implicitly treating a stimulus 
variable which has no meaning apart from human reactions as if it had 
independent, physical existence. This is especially vicious and confusing in 
the held of aesthetics, where stimulus relationships and qualities, such as 
unity, complexity, •simplicity, balance, symmetry, fusion, smoothness, 
formality, and representativeness, are studied in relation to value. Defini- 
tion of qualities such as these is frequently given in terms of the physical 
object or its elements, or in a manner implying that anyone who took the 
trouble to look for them would remark their presence and amount. 

Stimulus qualities such as those listed . . . have no meaning except in 
terms of human reactions. They really are human reactions to the physical 
stimulus; and there is nothing within the physical stimulus itself which 
indicates the degree of the quality it will arouse in any one subject or in 
the average subject. . . .The most obvious measure of stimulus qualities is 
in terms of judgmental reports (30, pp, 374-275). 

Our problem, then, concerns measurement techniques for re- 
sponses to stimuli whose physical characteristics may seem utterly 
unrelated to the responses. The psychophysical methods may be 
adapted to accomplish this. Some of the most notable adaptations 
have been made by L. L. Thurstonc. An illustration is his appli- 
cation of the method of equal appearing intervals to the con- 
struction of attitude scales. We shall work through one of his 
procedures in some detail, remembering that the purpose is to 
establish scale values for the stimuli where there is no physical 
dimension to be used as a reference continuum. For pitch we 
have cycles per second, for different colors we have millimicrons 



DISGRIMINAL PROCESSES: II 89 

of wave length but for attitudes there is no physical dimension 
which is correlated. 

Thurstone and Ghave (385) attempted to construct an attitude 
scale in which all units of the scale would be equal, The attitude 
chosen was the "attitude toward the church.” It is assumed that 
this attitude extends along a conceptualized linear scale so that 
at one end we would find the most favorable attitude toward the 
church and at the other end the most unfavorable attitude toward 
the church. In the middle would be a neutral zone signifying 
indifference of attitude. The problem, then, is to quantify this 
supposed linear dimension so that its units are equal and so that 
a numerical index can be used in determining one’s attitude 
toward the church once the scale is complete. 

To do this, certain assumptions concerning attitudes and their 
expressions must be made. The definition of attitude given by 
Thurstone and Ghave is typical of the usual definitions: ". , , the 
sum total of a man’s inclinations and feelings, prejudice or bias, 
preconceived notions, ideas, fears, threats, and convictions about 
any given topic” (385, pp. 6-7). As indicated by this definition, 
and as most psychologists would agree, attitudes are extremely 
complex behavior tendencies. How are wc going to measure 
diem? The custom has been to use opinions as a means of measur- 
ing attitudes. The opinion is assumed to be the verbal concomitant 
of an attitude — ^it is a response which is assumed to be indicative 
of the nature of the man’s complex reaction tendency toward a 
given topic. If a man says: "I believe in the church and all it 
stands for,” we are likely to conclude that this man has a favor- 
able attitude toward the church. The only other alternative we 
have is to believe that the man is a liar, which indeed will be true 
in some cases. This suggests that a man’s behavior — ^his day to day 
activities — ^might be a better (or at least different) index of atti- 
tude than would his opinion. This may be true but getting a 
sufficient index of this behavior would be a laborious process. 
In lieu of this we may accept opinions as indices of attitudes and 
recognize that opinions and behavior are probably not perfectly 
correlated. 

The first step in the construction of the scale was the gathering 
of a great number of statements which expressed opinions toward 
the church. These statements varied in terms of the opinions 
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expressed, from very unfavorable to very favorable toward the 
church. Thurstone and Ghave collected 130 such statements. The 
second step was the actual scaling procedure by the method of 
equal appearing intervals. 

Three hundred Ss or judges were given tlie 130 statements 
with instructions to sort them into 1 1 piles along the conceptualized 
linear scale of attitude toward the church. The judges were told 
that pile No. i indicated the end of the continuum which was 
most favorable toward the church and that pile No. n indi- 
cated the very unfavorable end, with pile No. 6 the neutral pile. 
The judges were instructed to sort each of the 130 statements 
into one of the 1 1 piles, depending upon the attitude which they 
thought was reflected by the written statement of the opinion. 
These 1 1 piles were to be thought of as being separated by equal 
sense distances. No judgment was made as to the equality of the 
distances; they were defined tliat way and so used in the statistical 
work. 

The judges were not to express their own opinions toward the 
church; they were merely to sort the statements into the various 
piles, the sorting being done on the basis of their interpretation 
of the attitude implied by the statement. The judges were sup- 
posed to be impartial as far as agreeing or disagreeing with the 
statement. They were told that the piles need not have the same 
number of statements in them when the sorting W2is complete, 
but in most cases each judge used each pile at least once. Since 
300 judges were used, each statement was allocated to a pile 300 
times. 

The raw data having been collected, considerable statistical 
work was required to refine the scale into a workable instrument. 
One of the most important considerations is that of measuring 
the degree of agreement among the judges as to the allocation 
of each statement. Suppose, for example, that a given statement 
were placed about equally often in each pile. This would indicate 
almost complete disagreement among the judges as to the opinion 
expressed by the statement; hence, as a means of tapping an atti- 
tude, it would be quite worthless. On the other hand, a statement 
which was placed in the same pile a great majority of the time 
would be indicative of high agreement among the judges. It 
becomes apparent that the variability of the placements is going to 
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be an important statistic for determining the degree qf ambiguity 
of each statement, The greater the variability among the judges 
concerning the placement of a given statement, the moi’e am- 
biguous we may conclude that item is. 

The spread of the placements as indicative of ambiguity may 
be illustrated by the results obtained on two statements. The 
statement, “I don’t believe church-going will do anyone any 
harm,” proved to have a very low ambiguity rating as determined 
by the distribution of the placements. The median scale value of 
this statement was 5,8, On the other hand, the statement,- “I 
believe the church has a good influence on the lower and un- 
educated classes, but has no value for the upper educated classes,” 
shows almost a rectangular distribution, indicating little agree- 
ment among the judges. Figure 19 shows the distribution of pile 
allocations by the 300 judges for these two statements. The am- 
biguous statement, the one with little agreement, was placed in 
pile No. 5 by only 18 per cent of the judges and yet this was 
the greatest frequency in any pile. On the other hand, the first 
or unambiguous statement was placed in one pile (No, 6) by 
6a per cent of the judges. There can be little doubt that this 
statement is less ambiguous than the other. Actually, there are 
several objective measures of the degree of agreement which 
might be used. The standard deviation would be satisfactory; 
the mean deviation might be used. Thurstonc and Chave have 
used the statistic fl,, which is the scale distance between the asth 
and 75th percentile. 

With scale values and Q, values for all statements, the elimina- 
tion of the undesirable items may begin. Ideally, of course, the 
final scale should have statements included so as to cover the entire 
attitude dimension, that is, so that the entire range of scale values 
is represented. For statements with very high and very low scale 
values we would expect, of course, markedly skewed distributions 
of judgments, but even in the case of those statements at the end 
of the dimension for which there is high agreement, the 
value would not fall at the very extreme. Our scale range must 
therefore be restricted somewhat as compared with the range with 
which the judges worked. 

In making decisions as to which statements will be kept and 
which statements will not be kept for the final scale there is no 
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automatic rule to follow. There is no magic Q, value above which 
statements are to be discarded and below which statements are to 
be retained. This is almost entirely up to £*s judgment. Of course, 
the less the mean Q,of the items in the final scale the more precise 
the measurement. 



Fto. 19. Aa illustration of the difference between an ambiguous and unambigU' 
01U statement, in terms of the distributions of die pile placements. Data from 
Thurstone ana Cliave (385). 

In determining which items to retain, we must also consider 
another factor. This fitetor is referred to as relevance of a state- 
ment. We might possibly get a statement on which there was 
high agreement among the judges in placing the item along the 
dimension but which was not very relevant to the attitude under 
connderation. An. indication of the rdevance of a statement may 
be obtained by requiring a group of S's to check a tentative scale 
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by placing a plus before all the statements with wloich they agree. 
We can then determine a mean scale value for the endorsed state- 
ments — a measure of the attitude of a given S toward the church. 
Let us suppose that one S got a mean scale value of 7.0. Under 
such circumstances we would suspect that he would endorse 
nearly all statements which had a scale value of about 7,0, and 
that he would endorse with less and less frequency the statements 
with scale values further and lurther away fiom 7.0. Now, if 
the individual’s mean scale value of the endorsements is 7.0, and 
we find an item with a scale value of about 7.0 which is not en- 
dorsed, we would be suspicious of that statement. The attitude 
it expresses may be irrelevant to the dimension. If enough Sa 
showed such a trend for a given statement we would probably 
dispose of this statement as being irrelevant even though it might 
have a low ambiguity index. 

In the final scale, after eliminating items because of high am- 
biguity and low relevance, Thurstone and Chave had 45 state- 
ments remaining, these statements being fairly equally distributed 
along the scale. It would be possible to make equivalent fbrnos 
if enough “good” statements were found. We would also want to 
make checks on the reliability and validity of the scale. In the 
case of the scale constructed by Thurstone and Chave, reliability 
was high and indications of its validity were also obtained. For 
example, divinity students on the average gave scores which were 
further toward the “favorable” end of the scale than did regular 
college students. 

It is well to point out that the method of equal appearing 
intervals is by no means the only method which can be used 
satisfactorily to construct attitude scales. There are others which 
appear to eventuate in scales as sound as those produced by the 
Thurstone technique and which at the same time require less 
labor (86, aao). Bird (a6) gives a good outline of some of the 
various methods which have been used to construct scales. Our 
discussion of attitude scales arose because the construction of 
such a scale provides an illustration of the application of the 
method of equal appearing intervab. 
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SUMMARY OF THE METHOD OF EQjUAL APPEARING 

INTERVALS 

I. This method consists in “cutting up” sense distances into 
units which are psychologically equal. 

a. With regard to sensory processes, the method has been used 
to establish precise relationships between the physical and psycho- 
logical dimensions and to construct psychological scales which 
have the characteristics of physical scales. This latter has not been 
entirely successful. 

3. Application of the method in other areas has been toward 
the equating of complex psychological distances for which there 
is no known paralleling physical continuum. The construction of 
an attitude scale was considered as an illustration of this. 

4. Conceivably, the method can be applied to the establishment 
of equal psychological distances along any stimulus dimension. 



CHAPTER IV 


Discriminal Process^ : Methods of Study III 


In this, the final chapter on methods of studying the discriminal 
processes, we shall consider three methods; (i) the method of 
paired comparison j (a) the method of rank order; (3) the method 
of single stimuli. 

THE METHOD OF PAIRED COMPARISON 
The Method 

This method is customarily used to determine relationships 
between S’s reponses for which there are no scaled physical dimen- 
sions, It may, however, be used in comparing stimuli which are 
physically measurable, and when so used it becomes quite similar 
to the method of constant stimuli. The procedure of paired com- 
parisons is exactly what the name implies; S is presented two 
stimuli and is asked to judge which has the greater amount of a 
given characteristic. Each stimulus of a given group is compared 
individually with every other stimulus in that group. The stimuli 
may be simple, as would be the case when we determine pure 
color preferences, or they may be complex, as would be true 
when we ascertain preferences for works of art. 

Let us presume that a manufacturer is goii^ to market a new 
kind of pancake flour — something which he has never marketed 
before. He believes that part of the sales appeal of the flour will 
depend upon attractiveness of the package. Rather than trust 
expert judgment on the matter of package appeal, he has several 
different package designs made up and proceeds to determine 
empirically which of these is most preferred by a sample of 
housewives. If he has relatively few trial packages, say, 3 to 
6, the method of paired comparison is ideally suited to get a 
solution to his problem. A sample number of housewives is asked 
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to compare each package independently with every other pack* 
age as to attractiveness. From these comparisons he would be 
able to determine how much or by what proportion each package 
is preferred to every other package. Other things being equal, 
the manufacturer’s final choice of package will be that one which 
is preferred over all others the greatest number of times. 

We suggested that the method of paired comparison is a good 
one if there are not too many stimuli involved for comparison. 
Suppose that we had 50 packages for testing. The number of 
comparisons each person would have to make in order to compare 
each package with every other package is given by the formula, 
n(n — t), » indicating the number of “stimuli” (packages). With 

2 

50 packages the number of comparisons becomes 50(49), or 1225 

2 

comparisons — a fair morning’s work for any housewife. When a 
large number of stimuli is involved the method is not recom- 
mended because of die great amount of labor required in judging 
and in computation. 

Let us consider another illustration. A sponsor of a radio pro- 
gram has three dance bands which he can get for the same fee. 
He considers it wortli while to determine which of the three 
bands would be most preferred by the listening audience. Since 
there are only 3 “stimuli” involved, the method of paired com- 
parisons may be used. A representative sample of the radio audi- 
ence (the exact population might well vary as a function of the 
particular product which is being advertised) is presented with 
the names of the three dance bands, two at a time, with the ques- 
tion being somewhat as follows: “Which of these two bands would 
you prefer to hear in a 30-minute radio program of dance music?” 
With three stimuli, only three comparisons would have to be 
made, A with B, A with C, and G with B. From this hypothetical 
study the following proportions are derived: 

A is preferred to B in 10 per cent of the cases 
B is preferred to A in go per cent of the cases 
A is preferred to C in 45 per cent of the cases 
G is preferred to A in 53 per cent of the cases 
B is preferred to G in 83 per cent of the cases 
G is preferred to B in 13 per cent of the cases 
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From these data we would have little dillicuUy in concluding 
that dance band B is likely to be the most attractive to the greatest 
proportion of the population. If that proportion represents po- 
tential buyers, of the product to be advertised, the sponsor will 
probably be wise to choose band B over the two rivals considered. 
It is clear, of course, that such data do not indicate that B is the 
most attractive of all bands — it only indicates that of the three 
compared, B would be most preferable to the greatest proportion 
of the population sampled. 

We may ask the question: “How much more do people prefer 
B to A or C?” We have a relatively large “distance” between 
either A or G and B, and only a short distance between A and G. 
The “how much” can be answered, although the complexity 
of the procedure does not recommend its inclusion here." The 
problem is essentially the one we have discussed in the previous 
chapter in establishing equal unit scales. This can be done if 
certain assumptions are granted. The mathematically inclined 
student can find the assumptions and the problems worked through 
in several sources, though the most recent and lucid expositions 
arc given by Thurstone (384) and by Gulliksen {126). For our 
purposes it is sufficient to know that rank order of preference may 
be obtained from paired comparisons, and that in addition there 
are techniques for establishing the psychological distance separating 
the various ranks. 

niostrative Experiments Using the Method of Paired 
Comparisons 

Judgment time in aesthetic choices. A study by Dashiell 
{75) illustrates the work on determining preferences for pure 
color and at the same time demonstrates the relationship between 
time required to choose between the two colors and the psycho- 
logical distance which separates those two colors. We have already 
touted upon this problem in the case of the judgment of length 
of hnes under the conditions of the method of constant stimuli. 
Dashiell’s problem was: “Does the time taken to make a choice 
vary consistently with the amount of difference in the effective 
values of the alternative stimulus-objects ?" (75, p. 57) , 

Seven colors were chosen from a standardized series. The colors 
were red, green, yellow, blue, orange, orange-yellow, and 
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purple. They were presented to S by a tachistoscope and intro- 
duced in the following manner: 

You are to look through the two openings in the box before you. You 
will see first a gray card with two dots. Fixate these. When I press my key, 
the dots will go away and two colors will appear. I want you to t^ me 
which of these colors you prefer. Here are two keys. Place the index finger 
of each hand on a key. You are to indicate which color you prefer by the 
key that you press. Press the key which is on the side of the color you 
prefer. When you make your choice, press the key firmly. It is not necessary 
to bit it. You must make a choice, but there is no hurry. This is not a 
reaction-time experiment (75, p. 59). 

Actually, however, E did measure reaction time. This was 
accomplished by E’b pressing a key when the colors were shown, 
thereby starting a clock which was stopped when S pressed a 
key indicating a choice. Two cycles of the experiment were run 
so that the space error would be cancelled out. (You will remember 
that the space error was considered in Chapter 11 in discussing 
the Mfiller-Lyer illusion experiment, and was defined as a bias 
which S might have for objects to the left as compared with 
those to the right, or vice-versa. With two cycles in the present 
experiment, the colors were presented equally often on both 
sides.) 

Dashiell’s results showed that in this sample of college students 
blue was most preferred and orange-yellow least preferred. The 
complete rank order as derived from the proportions of pref- 
erence for each color over every other color was, from most 
preferred to least preferred: blue, green, purple, red, orange, 
yellow, and orange-yellow. The latency of response was deter- 
mined by calcxilating the mean reaction time between each given 
color and the colors of all other ranks. For example, when blue 
was judged with the various other colors the mean latency was 
1.39 seconds. When red was judged with the other colors the 
mean latency was 1.84 seconds, a longer mean reaction time 
than in the case of blue. The least-liked color, orange-yellow, 
was responded to negatively, but more rapidly than those in the 
middle of the series. These findings are similar to other fin din gs 
which we considered under the method of constant stimuli and 
seem to be typical of the judgment process. When differences 
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are clear-cut there is little hesitancy by S‘, when the differences 
are slight, hesitation occurs, thus increasing the judgment time. 
This principle probably holds for all human behavior, whether it 
concerns the judgment of differences in colors, weights, political 
issues, new clothes, or occupations. 



Fio. ao. Relationship between color preference and reaction time in choosing 
between two colors. The mean reaction times were determined by calculating 
the mean reaction time in choosing between a given color and all other colors. 
Nine Si were used in determining the mean values. Data from Dashiell ( 75 ). 

It. will be noted in Fig. 30 that preferred colors tend to give 
somewhat more rapid reaction times than do the least preferred 
colors. This finding has been substantiated by a carefully scaled 
paired comparison experiment of Shipley and his students (353). 
Pursuing the problem further, Shipley (354) performed an experi- 
ment in which S was instructed to choose the color liked least 
in the successive pairs. Under these conditions the results were 
reversed — Ss showed shorter latencies in choosing between the 
least preferred cobrs and the other colors. Shipley interprets 
this finding as being indicative of a factor of set brought on 
by the instructions and not as intrinsic to affective judgment as 
such. S, instructed to choose the preferred color, had a polarity 
of set toward preferred colors. This set enhanced speed of re- 
action. S, instructed to choose the hast preferred of a pair of 
colors, had a set toward reacting more rapidly toward the least 
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preferred end of the series. As we shall stress again and again, 
the importance of the instructions to S cannot be over-empha- 
sized, Minor variations in instructions — perhaps supplied tmwit- 
tingly by E~ma,y, in certain instances, strongly influence the 
results. Unless the instructions constitute the independent variable, 
they should be scrutinized as rigorously as all other factors in 
the experimental situation. 

Paired comparisons in the study of values. Barker (9) 
has used a modified fonn of the method of paired comparison 
on a rather unique subject matter. College students were presented 
with various terms or phrases descriptive of traits and values 
which might be desired in one’s living. Here are some of the 
phrases : good health; cheerful disposition; good humor; gaiety; strong reli- 
gious faith; financial security. In all, there were 18 such phrases, and 
since each phrase was paired with every other phrase, there would 
be a total of 153 pairings or judgments. These phrases were 
presented on mimeographed sheets and Ss took the sheets to their 
homes, with instructions not to make all the judgments in one 
sitting. Barker did not ask S to choose between two simple 
alternatives, but rather, between paired alternatives. For example, 
rather than ask S whether he would prefer good health or strong 
religious faiths Barker requested him to choose between the two 
alternatives, (i) good health, with less than average religious 
faith, and (3) strong religious faith, with less than average 
health. 

Such a procedure presents a rather complex task to S. Four 
positions (two on each of the two dimensions) must be we^hed 
simultaneously. That is, .S must know or conceive of the meaning 
of good health and below avert^e health and at the same time 
balance these against his conception of strong religious faith and 
below average religious faith. The complexity of the task was 
probably further heightened by certain statements which might 
suggest more than a single dimensional characteristic. For example, 
one of the alternatives offered for choice was artistic ability or 
appreciation, which to some Se may suggest two quite different 
values. In short, S was making choices between exceedingly 
complex alternatives. 

In addition to the above procedure, Barker had <S's indicate 
whenever their choices were uncertain. The instructions read: 



DISCRIMINAL PROCESSES: Ui 


lOl 


In some cases your choice will be obvious and clear to you. In other 
cases your choice will be very uncertain, and you will have to force your- 
self to indicate a choicej in these cases draw a circle around the x (9, p. 43). 
(S used X to indicate his choice.) 

From the results of these comparisons Barker rank-ordered the 
18 values, from the one receiving the greatest number of clioices 
to the one receiving the least. (The actual rank orders of the 
values are not given.) He found that the greater the difference 
between the attractiveness of the two alternatives the less the 
likelihood that the choice was marked as uncertain. He also foimd 
that if two alternatives were both very attractive, the choice was 
more likely to be marked uncertain than if the two alternatives 
were both quite unattractive. 

In a previous study (8) Barker had shown that when the 
attractiveness of two stimuli is about equal, S shows greater 
vacillation, or, as it is sometimes called in describing both human 
and animal behavior, vicarious (substitute) trial-and-error behavior. 
All data, therefore, seem to point toward several basic behavioral 
concomitants of difficult choices: (i) vacillatory behavior, (») long 
reaction times in making a choice, and (g) higher uncertainty of 
the “correctness” of the choice. 

Preferences of broadcast listeners. A study by Eisenberg 
and Ghiim (87) was aimed at determining what tonal range and 
intensity is most preferred on radio broadcasts. The experiment 
was performed in a specially fitted room at the Columbia Broad- 
casting Company studios in New York. The room was furnished 
to make it much like the living room in an ordinary home. Ss, in 
most cases, were obtained by advertising for them over the key 
CBS station in New York. This method of obtaining Ss, while 
not insuring a representative sample, does at least represent a 
landmark in the history of psychology. Although iSs have used 
a great variety of techniques to obtain Ss, this was probably the 
first time that radio was used for this purpose. 

“Tonal range” in this study refers to degree of completeness 
of tonal range, as one aspect of the fidelity with which an original 
program of music or speech is reproduced when broadcast and 
picked up by a particular receiver. Radio receivers do not, as a 
rule, reproduce faithfully aU the tones which occur, say, at a 
symphony concert. Three tonal ranges were used in this 
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experiment: wide, medium, and narrow, as determined by the 
number of high and low frequencies which were cut out in the 
transmission. Thus, the wide range of tonal reproduction ex- 
tended from about 30 cycles to 10,000 cycles per second, while 
the narrow range extended from about 100 to 6,000 cycles per 
second. The wider the range the greater the number of overtones 
or harmonics which are transmitted. In special conditions, three 
different intensity levels were used, these being 50, 60, and 70 
decibels. 

The transmitted program corrsisted of music and speech, in 
most cases recorded, though in one instance a regular program 
was fed into the testing room. With three different variations 
in tonal range, three judgments are necessary to complete the 
pairing of each stimulus with every other stimulus. Also, with 
variations in intensity three additional pairings are necessary, and 
if the two variables are worked out in relation to each other, 
several more would be required. This latter was not done com- 
pletely. 

Each comparison involved i minute. During this minute two 
conditions were presented alternately for 10 seconds each, so 
that S actually heard each three times during the I minute period 
and before he had to state a preference. Obviously, S could not 
have both stimuli presented simultaneously and make a valid 
judgment, so the alternation scheme was used. S was notified of a 
change at the end of each lo-second interval by a signal light. 
As in the other experiments we have discussed, S was asked to 
state a preference for one or the other stimuli, but could, if neces- 
sary, indicate “no choice.” 

The results of this study showed that in listening to music, iSs 
actually preferred a narrow band of tonal qualities rather than 
the wider bands. This is somewhat contrary to expectations, in 
that it has usually been assumed that the radios which will 
reproduce most faithfully are the ones which will be preferred. 
It is customary for salesmen to extoll the virtues of their radios 
by emphasizing that the speaker will pick up very low and very 
high notes, and that this makes for better listening. The present 
results suggest that a wide range of reception is not necessarily 
preferred. That the results are not a function of the Si obtained 
by advertising is suggested by the fact that a group of trained 
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musiciaiis also had a distinct preference for the narrow tonal 
range of musical stimuli. In the case of transmitted speech, the 
medium tonal range was preferred over either of the extremes. 
Intensity levels most preferred averaged between 60 and 70 
decibels, with the somewhat higher level being preferred for 
speech. 

Summary of Method of Paired Comparison 

I. The method of paired comparison is a method for studying 
the discriminal processes by comparing every stimulus in a given 
set with every other stimulus with regard to a given dimension. 
The method is most efEciently used when the number of stimuU 
is small, since many stimuli make the procedure laborious. 

s. The method has been applied to a great variety of stimulus 
characteristics, both simple and complex. It is possible to derive 
rank orders of the stimuli or, by making certain assumptions, to 
determine scale values which show not only the ranks but also the 
"distance” between successive stimuli. 

3. While the method is applicable to stimuli which can be 
meaningfully described by a physical dimension, most of the 
current applications of the method involve stimuli for which there 
is no scaled or otherwise kind of physical dimension. 

4. The method is closely related to the method of constant 
stimuli and to the method of rank order — the next method to be 
considered. 


THE METHOD OF RANK ORDER 
The Method 

This is one of the simplest methods used to study the discriminal 
processes and correlated behavior, and in many respects it is 
the most efficient. S is presented a group of stimuli which are 
presumed to have some dimension in common and is requested 
to rank the stimuli in order from high to low according to the 
characteristic being considered. The rank assigned a given stim- 
ulus by all Ss may be combined by calculating a mean rank. As 
in the other methods, measures of variability should be obtained, 
and, as in the case of paired comparison, scale values may be 
determined by certain statistical manipulations. The method is 
usually applied to the study of judgments or discriminations in 
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which there is no known physical stimulus correlate to the response 
evoked. 

Due to the similarity of the problems for which the method of 
paired comparison and the rank order method are suited, two 
illustrations should suffice. 

Illustrative Experiments Using the Method of Rank Order 

Nationality preference. Eighty-five members of an elementary 
psychology class were given slips of paper on which were listed 
seven different nationalities: Japanese, Chinese, Russian, French, 
Italian, English, and German. The class was instructed as follows : 

Imagine that you move into an International House on a college 
campus. One of the rules of the House is that you must have as a room- 
mate a foreign student of one of the seven nationalities listed. Look at 
the list carefully, then assign the number me to the nationality of the 
student you would most prefer to have as a roommate; the number two 
to the nationality preferred second, and so on, imtil the least preferred 
nationality is assigned the number seven. Take as long as you like to make 
the rankings. If two nationalities appear to be a tie as far as you are 
concerned, choose one or the other — don’t rank them the same. All seven 
nationalities must be assigned a rank and no two ranks are to be the same. 

In preparing the slips, many different orders of the nationalities 
had been, made so that no bias should attach to the serial listing 
of a given nationality when all Ss were considered. The mean 
ranks assigned to each nationality were determined from the data. 
Distributions of the rankings for nationalities rated near the 
bottom or top were skewed as one would expect. The mean ranks 
and the standard deviations of the distributions are shown in 
Table 6. 


TABLE 6 

Nationauty Prekbrencb Derived by Method of Rank Order 


J^ationdity 

Mean Rad: 

1 

Standard Deviation 

English 

2.23 

1.36 

German 

2.75 

1.66 

French 

3.22 

1.63 

Russian 

4.19 

1.85 

Chinese 

4.42 

1.66 

Italian 

I 5.14 

1.33 

Japanese 

6.04 

1.36 
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It is immediatdy apparent that the method of rank order gives 
about the same results as those obtained by the method of paired 
comparison. In one sense, both methods can be considered the 
same. When S ranks, he should, ostensibly, compare each stimulus 
with every other stimulus if his ranks are to be assigned care- 
fiilly. If he did this he would be following the method of paired 
comparison. The virtue of the paired-comparison technique over 
the method of rank order lies, if at all, in the fact that by paired 
comparisons S is forced to make independent judgments of each 
stimulus with every other stimulus. S may not actually make such 
a thorough analysis in the case of rank order. Nevertheless, it 
has been shown empirically that the two methods will yield results 
which are essentially similar (149). Rank order is preferable if the 
number of stimuli to be judged is large. 

01 factoii;y preferences. This study will demonstrate a modifica- 
tion of the method of rank order and will also touch on a sensory 
field which thus far we have said little about, ^s, in this study 
by Eysenck (ga), were asked to rank in order olfactory (smell) 
stimuli. The stimuli were presented to S in small corked bottles 
with only a letter on each bottle as identification symbol for E, 
The olfactory sense adapts very qtiickly, so E must not present 
successive stimuli too rapidly. In this study 31 different stimuli 
were used, and rather than ask S for a complete ranking of so 
many stimuli which would be hard to make, E first instructed S 
to place the stimuli in three groups according to the judgment: 
definite pleasantness, auerage pleasantness, and definite unpleasantness. 
After putting aU stimuli in one of the three groups, S was then 
asked to refine his judgments by giving each stimulus a score 
according to the following arrangement: 

Score; 10 9876543210 

No. of stimuli to 

be given the score: 1223474322 l 

This procedure forces S to put the stimuli into a symmetrical dis- 
tribution. The best-liked (most pleasant) odor was given a score 
of 10; the next two in order of preference were given a score of 
9, and so on, until the most unpleasant odor — the rankest — ^was 
to be assigned zero. The method thus combines rank order with 
a rating scale made up of forced frequencies in each interval. 
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We need not list all the stimuli — ^many of tliem would be familiar 
only to chemists. Aromatic stimuli, such as vanilla, cinnamon, and 
can de cologne were usually ranked as the most preferred odors, 
while asafoetida and pyridinal were indicated as being the most 
unpleasant. 

Summary of Method of Rank Order 

1. With this method S is asked to place in rank order a group 
of stimuli according to the amount of a given characteristic. Mean 
ranks may be used as the basic statistic showing the relationships 
among the responses evoked by the stimuli. 

2. This method is closely related to the method of paired com- 
parison and is usually used in lieu of that method when many 
stimuli are involved. 

THE METHOD OF SINGLE STIMULI 
The Method 

This method was mentioned briefly when considering the 
method of constant stimuli in the preceding chapter. We are 
discussing it more fully at this point because most of the experi- 
mental work with this method has employed stimuli for which 
there is no explicit physical dimension to relate to the responses. 
By the method of single stimuli S is presented a single stimulus 
at a time and is asked to make a judgment concerning it. He may 
be asked if the stimulus is “pleasant or unpleasant,” "acceptable 
or imacceptable,” “good or bad.” 

The relationship of this method to the method of constant 
stimuli is seen in the fact that when S makes a judgment by the 
method of single stimuli, his standard is “within himself,” whereas 
in the case of the constant method used to measure difference 
thresholds the standard is presented along with the variable. The 
present method is sometimes called the method of absolute judg- 
ment, implying that there is no other stimulus to which S can 
refer his judgment. In the sense that there is no other stimulus 
manipulated by E, this is true, but as we shall see, subjective 
standards may be built up quickly and may retain Considerable 
permanence. 

The method of single stimuli has certain advantages which 



DISCRIMINAL PROCESSES: III IO7 

none of the methods discussed thus far has. Let us go back for a 
moment to the illustration given when discussing paired com- 
parisons. Here we presented S with three stimuli — names of dance 
bands — ^in pairs and asked for a preference at each pairing. Now, 
unless we pursued this problem further we might, in certain 
instances, find that none of the three bands was highly pleasing 
to the listeners. If the sample of listeners had been presented with 
the bands (figuratively) one at a time and asked: “Do you think 
a thirty-minute concert by this band would be enjoyable or not 
so enjoyable," it could conceivably be found that none of the three 
bands would make good listening. Similarly, if we are going to 
study the aesthetic responses toward certain modern works of art, 
a paired comparison or a rank order need not necessarily give us 
the answer to the question of whether or not the work actually 
elicited approval or disapproval responses. 

Large business concerns, being sensitive to changes in public 
attitude toward them, may have regular public opinion surveys 
taken so that a close record of shifts of opinion (if any) may be 
obtained. Changes can be noticed following certain events, such 
as strikes. These surveys, designed to keep the company abreast 
of public reaction, often use the method of single stimuli. The 
person being interviewed will be asked: “Do you think loell, or, 
not so well of United Steel?” Do you think well, or, not so well, 
of General Bremds Corporation?” 

The method, then, consists of presenting S with successive 
stimuli and requesting a judgment of these stimuli along a specified 
dimension. The data can be liandled readily. For any given set of 
stimuli we can determine the proportion of Ss using specified 
descriptive categories for each of the stimuli. 

Illustrative Studies Using the Method of Single Stimuli 

AfiEective “ Conflict.” Emotional reactions have been favorite 
responses for study by the method of single stimuli. The human 
organism makes affective responses to a wide variety of stimuli. 
The responses may be only vague, undifferentiated feelings, or 
they may be clear-cut and violent responses, such as rage or fear. 
Many of the so-callcd affective responses resolve themselves into 
no more than what are commonly called likes and dislikes. The 
responses, if described in strict behavioral terms, are approach 
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responses for “likes” and avoidance responses for “dislikes.” In 
most cases, of course, the overt movement indicating approach or 
avoidance is short-circuited and a verbal expression of “like” or 
“dislike” is all that is measurable. Even here, however, there may 
be observable physiological changes which suggest emotional 
responses. Not only do our responses become telescoped but also 
the stimuli which are capable of eliciting emotional responses may, 
under certain circumstances, be transferred to the word which 
stands for them. There is, for example, nothing intrinsically un- 
pleasant about the word vomiU but most people will rate such a 
word as being quite unpleasant. 

The study of affective responses of different intensities to verbal 
stimuli is a fertile field of experimentation for psychologists. We 
will consider an exemplary study of the affective responses to a 
group of common words as determined by the method of single 
stimuli. This study is reported by Lanier (aog). 

iSa were given the following instructions to read before the 
experiment started ; 

This is an experiment in "affective judgment.” The purpose is to study 
the feeling tone produced in different individuBls by the same common 
words. The experimenter will call out a word, and you are to report at 
once how the word affects you, using one of the following terms: pleasant 

UNPLEASANT INDIFFERENT MIXED 

Use the category mixed when a word seems to arouse both unpleasant 
and pleasant states. Make your judgments immediately. Do not try to 
analyze or to rationalize your reactions. Simply report the immediate 
affective reaction to the words (aog, p. 304). 

Ss were 38 students at Vassar College. In addition to obtaining 
the number of times each word was placed in the four categories 
by the method of single stimuli, Lanier measured reaction time 
to the stimulus and the psychogalvanic response. The psycho- 
galvanic response is a much studied reaction in a great variety 
of laboratory investigations, although there is no general agree- 
ment on its specific interpretation. It is agreed that this response 
is indicative of emotional arousal and is brought about through 
the activity of the autonomic nervous system. The response is 
measured by recording changes in electrical resistance of the skin 
with a device called a galvanometer. Ohms, a unit of electrical 
resistance, is the common response unit. 
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Wc should comment on the mixed category used by E. It is 
possible that we do have mixed reactions toward certain stimuli. 
Wc may both like and dislike the event or object symbolized by 
a word, or at least we may have approach tendencies toward 
certain portions of the stimulus complex and avoidance tendencies 
toward other pordons. Clinicians have recognized these opposed 
tendencies and the term ambivalence has been used to describe 
the condition. A person, it is alleged, may both love and hate his 
father, or to be more accurate, we would say that some of the 
father’s behavior evokes a withdrawal response and some evokes 
an approach response. The uked reaction should, therefore, be 
clearly differentiated from the indifferent response, the latter 
being a neutral state with neither pleasant nor unpleasant reacdons 
— the stimuli evoke no affective responses. 


TABLE 7 

Reactions op 38 i's to a Group op Common Words 



Pleasant 

Unpleas- 

ant 

Mveed 

Indtf- 

ferent 

Percentage in Each Category 

50.2 

24.4 


15.4 

Median Reaction Time 

1.79 

1.89 

2.73 

2.38 

Median Psychogalvanic Response 

165 

177 

263 

166 


Data from Lanier (209). 


Table 7 shows the percentage of times each of the four cate- 
gories was used to indicate the response to the verbal stimulus. 
Also shown are the median reaction times and the median psycho- 
galvanic response for the words. It is to be noted that only 10 
per cent of the words elicited a mixed affective reaction. How- 
ever, for these reactions the latency of response was longer and 
the psychogalvanic response was greater than for any of the other 
categories. The differences between the reaction times and psycho- 
galvanic responses of the mixed category and those of the other 
categories are significant far beyond chance expectation. If the 
psychogalvanic response is indicative of an emotional reaction, 
the data suggest that the affective change brought about by 
the mixed words was greater thim it was for the words in 
which the affective responses were clear-cut (either pleasant or 
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unpleasant). On the other hand, it is difficult to see why the 
indifferent group of words elicited sucli large psychogalvanic 
responses. Nevertheless, to Lanier the long reaction times and the 
large psycliogalvanic responses indicate that a miniature “con- 
flict” was taking place during the judgmental process concerning 
the mixed words. Table 8 shows the lo words most frequently 


TABLE 8 

Ten Words Most FREauENTLV Judoed Pleasant, Unpleasant, Indip- 
EERENT, AND MiXBD 


Mmd 

1 Indifftrmt 

Pleasant 

1 

Unpleasant 

body 

brick 

father 

worry 

work 

street 

love 

war 

study 

finger 

mother 

pain 

dimk 

habit 

song 

blood 


cousin 

home 

fear 

pray 

tone 

marry 

cry 

figure 

cut 

dance 

dead 

hot 

tree j 

peace 

sick 

book 

grass 

swim 

sin 

kiss 

body 

water 

crush 


Prom Lanier (209). 


placed in each of the four categories. Note that there is only one 
repetition — the word body occurs in the first two lists. Si thus 
showed high agreement in the placenaent of the words. There can 
be little doubt that words can be reliably sorted according to 
feeling tones evoked by them. 

An anchoring effect. In any situation in which S is requested 
to make judgments concerning a given characteristic of a series 
of stimuli, the range of the characteristic will probably influence 
the judgments. It is as if iS sets up a descriptive dimension of his 
own and judges the various stimuli according to that subjective 
dimension. This dimension is determined not only by the range 
of responses to the stimuli bdng employed, but also by the 
repertoire of responses which S brings to the situation. For ex- 
ample, iS^ may judge certain of the stimuli as being unpleasant, 
but that does not necessarily mean that the stimuli being used 
represent his conception of the most extremely unpleasant 
stimuli possible. Unpleasantness and pleasantness are not to be 
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thought of as non-dimensional in nature; there are degrees of 
pleasantness and degrees of unpleasantness among one’s reactions. 
It can be shown that a given subjective dimension which S uses 
to evaluate a given series of stimuli can be shifted as a conse- 
quence of the instructions which are given him. An experiment 
by Hunt and Volkmann (173) will demonstrate this. 

The method employed by Himt and Volkmann makes use of the 
method of single stimuli but adds a feature which makes the 
problem comparable to that used in the well-known rating scale 
procedure. A rating scale employs the method of single stimuli 
but defines the characteristics of the dimension on which the 
judgments are to be made more thoroughly than is customary in 
the method of single stimuli. Rating scales are used widely to 
evaluate performance of employees or trainees in industrial situ- 
ations. They were also used to evaluate performance in military 
service during the late war. In the usual rating scale procedure 
an instructor or supervisor is asked to rate S along a scale such 
as follows: ' 


Excellent Very Good Average Poor Very Fading 
Good Poor 

Numbers might be assigned arbitrarily to the various points; 
descriptive terms might be limited to the extremes of the dimen- 
sion, and several scales might be used to rale various aspects of 
the individual’s performance. There are many possible variations 
on the rating method. Like any measuring device, the rating 
scale should meet the requirements of consistency or reliability. 

Hunt and Volkmann did not present their Sa with a rating scale 
as such, but instructed them in the first part of the experiment 
as follows: 

You will be shown a series of colors. You are to judge the pleasantness 
and unpleasantness of each color on a scale of seven steps, represented by 
the numbers one to seven. Let the higher numbers stand for the pleasant end 
of the scale, and the lower ones for the unpleasant end. Report your 
judgment to the experimenter as soon as it is made (173, p. 8g). 

Thus, iSs were not told that the most pleasant color in the series 
was to be assigned the number seven, nor the most unpleasant 
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color one, but neither were they told not to do this. Five iSs 
followed these instructions, rating each of lo colors lo times. 
Ten trials gave Ss plenty of opportunity to get a good conception 
of the entire range of stimuli being employed. When they com- 
pleted this series of judgments, Ss were instructed as follows for 
the second series : 

You will be given a series of colors. You are to judge the pleasantness 
and unpleasantness of each color on a scale of seven step>s, represented by 
the numbers one to seven. Think of the most pleasant color you can; then 
hold the pleasantness of this color in mind throughout the experiment, and 
''let its pleasantness define the step seven on your scale. When you report 
“seven,” you are to mean a pleasantness approximately equal to the 
pleasantness of the color which you are holding in mind. Report your 
judgment to the experimenter as soon as it is made (173, p. 8g). 

Note that these instructions suggest to S that there may be more 
pleasant colors than any represented in the 10 colors shown. Ss 
are instructed to think of the most pleasant color they know, and 
hold that in mind for evaluating the colors actually presented to 
them. This “thought-of color” thus becomes the anchoring point 
around which the other judgments will hinge to a certain extent. 
As Hunt and Volkmann predicted, under the second instructions 
there was a shift downward of the judgments in the upper part 
of the scale. This shift is shown in Fig. 21. ^s, under the second 
instructions, no longer gave the most preferred color a value of 
nearly seven; rather, the average rating of the most preferred 
color dropped to about 5.6. This “stretching” of the subjective 
scale occurs only in the upper regions, i.e., among the highly 
pleasant colors. Had iSs been instructed to think of number one 
as being the most unpleasant color they could conceive, it would 
be predicted that the dimension of pleasantness and unpleasant- 
ness would be further stretched out, because the actual ratings 
of the 10 colors would show a still fiirther restriction in range of 
the placements. 

The ittfluence of the anchoring value as produced by instruc- 
tions to iS is that of enlarging the ftame of reference within which 
the judgments are made. Ss, unless specifically instructed, will 
set up their own frame of reference. Here (in the second part of 
the Hunt-Volkmann study) a frame of reference is imposed on 
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one end of the dimension by providing a specific anchoring point 
around which the other judgments are to be ordered. 



Eio. 91 . An anchoring efiect in the judgment of the affective tone ofwiors 
produced by specific instructions. The affective scale is along the ordinate, 
with a rating of one indicating the unpleasant end and seven the pleasant 
end. The data are mean values on 5 Ss. Data from Hunt and Volkmann 
(» 73 ). 

It was predicted above that if Hunt and Volkmann had used 
an anchoring instruction concerning the low (unpleasant) end 
of the scale, the data would have suggested a further expansion 
of the dimension. This prediction has been confirmed in another 
experiment by McGarvey (230) using a completdy different 
kind of material. In a portion of this experiment, S was asked to 
rate a series of “behaviors” along a six-point scale from most 
desirable to least desirable. These behaviors were such things as: 
JisJdng without a license, poisoning a neighbor's dog whose barkit^ 
bothered you, killing cm idiot baby, manufacturing counterfeit mn^, 
etc. Twelve such behaviors were used in the main experiment 
and S rated these items along the six-point scale. On a second 
series of ratings, Js were provided with anchoring points at both 
ends of the scale, the anchoring behavior in one case being less 
desirable, and in the other, more desirable than any of the la 
behaviors which had previously been rated. The influence of this 
procedure was to cause a considerable restriction in the range 
employed to rate the la behaviors the second time. It was as if 
the anchoring behavior produced a lengthening of the dimension 
so that, relatively, the la rated behaviors seemed less extreme 
than formerly. 
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Sununary of the Method of Single Stimuli 

I. In this method S is presented with successive stimuli and is 
asked to judge or rate them on a given attribute. The attribute 
might be a fairly complex one (such las degree of pleasantness) 
or a simple one (amount of “heaviness”). The method may be 
used with stimuli for which there is or is not an explicit physical 
dimension, although the latter is usually the case. 

a. The method employs the basic rationale of all rating scale 
devices. 

3. S may construct his own subjective standard around which 
his judgments are made. Because of this, the method has many 
similarities to the method of constant stimuli in which a real 
standard is used. In several studies the subjective standard has 
been changed by instructions which introduce a stimulus (real 
or symbolic) to represent a standard value at the end of the 
dimension. 


SOME GONCLXXDING CONSIDERATIONS 

In these three chapters (II, III, and IV) we have been con- 
cerned with stimulus-response relationships which were found in 
S upon his coming to the laboratory. This does not mean that his 
responses are not modifiable, for in the next chapter we shall see 
that under certain conditions even simple sensory relationships 
4iiay be changed. What does seem apparent, however, is that in 
the experiments which we have considered, E was not concerned 
with bringing about relatively permanent changes in the discrimi- 
nal processes by manipulating environmental conditions. The 
methods of studying the discriminal processes were developed 
in a scientific enviromnent interested largely in measuring the 
processes as they existed at the moment and not how they came 
to be as they are at that moment. Only recently has there been 
a definite shift in interest toward the study of the development of 
our discriminal capacities. Only lately also has there been a trcaid 
toward the application of the methods to the study of a far greater 
range of problems than those for which they were devised. It 
now appears that the methods are unusually well suited to the 
study of social, moral, political, and economic problems. 
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We must state again that in reviewing the methods of experi- 
mentation in tlie past three chapters we have only saatchcd the 
surface in g^ing the factual results which have emerged from the 
application of the methods. Although the sound factual data on 
sensory and perceptual relationships are enormous in amount, 
it is not the proper and specific purpose of this book to review 
them. If in another book they were presented merely as facts 
they might appear to be a hodge-podge of unintegrated knowl- 
edge, but if iey were systematized around theoiy they would 
take on significance. Such a systematization would require at 
least a volume each for audition and vision. Such books would 
include considerable information concerning the structure of the 
sense organs and the nerve tracts associated with them, since, by 
and large, theories of sensory functioning are physiological in 
nature. The facta upon and out of wluch the various theories 
have been erected have been obtained largely by the use of the 
methods outlined in the three chapters, especially Chapters H 
and III. The references at the end of this section may be consulted 
for these facts. 

Another point should be reamphasized. Without die many 
researches which have been performed in developing the methods 
of study that have been outlined in these three chapters, much 
of the research on the more distinctiy psychological level (such 
as the measurement of attitudes) might not have been possible. 
The men who for hours on end have lifted weights and listened 
to barely perceptible sounds have provided us with a variety of 
techniques which are useful in a great many situations. It is a fair 
guess that long after the fects derived from psychophysical research 
have been assimilated into the general body of knowledge, historians 
will say that the major contribution made by psychologists in the 
realm of the discriminal processes was the development of research 
techniques which were applicable far beyond the immediate 
problems on which they were worked out. 

We should, by now, be clearly aware that even the most ele- 
mentary form of experimentation requires careful and persistent 
control. By now, too, we should have a basic grasp of ^e prob- 
lems involved in experimental design, so that in succeeding chap- 
ters we may become, where necessary, more critical of some of 
the work and claims of experimental psychologists. It will be 
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made very clear thai ability to outline and carry through an 
ejcperiinent requires a profound appreciation and respect for a 
multitude of factors or conditions which might bias or falsify the 
results. And our final conclusion will be that control of the multi- 
plicity of conditions which may make for constant errors in even 
simple experiments — conditions which to the uninitiated might 
seem inconsequential — demands a vigilance not normally forced 
on us in other pursuits. 
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The following references may be consulted for systematic factual 
and theoretical information concerning the stimulus dimensions 
which influence our discriminal processes. 

I. Piyohology for the Fighting Man, by a committee of the National 
Research Coimcil (Washington: Infantry Journal, 1943). 

This volume provides one of the most readable accounts available of 
sensory and perceptual relationships. Special emphasis is given to the 
practical application of these facts to soldiering. Chapters 11 through VII 
are most pertinent. 

3. BomNG, E. G., IjANGfeld, H. S., and Weld, H. P., Foundations 
of Psychology (New York: Wiley, 1948). Chapters 10 through 17. 

The treatment of sensory and perceptual relations in this book is more 
detailed than other texts written for the elementary student. Each chapter 
is written by a specialist in the given area. A good introduction to theories 
of sensation for various sensory modalities is given. 

3. Woodworth, R. S. Experimerdal Psychology (New York: Holt, 
1938). 

Although intended for advanc^ students, the treatment in this book is 
so lucid that a beginning experimentalist can handle much of the material. 
Chapters XVII through XXVI. 



CHAPTER V 


Discriminal Processes: 

The Influence of General Variables 


INTRODUCTION 

We have mentioned previously that the discriminal capacity 
of the organism is dependent upon (i) physiological structures 
■which are sensitive to certain energy changes, and (a) practice 
in making discriminations. The importance of the first factor is 
fairly evident; if the retina of the eye is destroyed we are insensi- 
tive to light waves; if the spinal tracts carrying the nerve im- 
pulses from the muscles of the legs are destroyed, as sometimes 
happens in general paresis (severe syphilitic infection), there 
are no kinesthetic cues to aid in the “direction” of the leg. In 
general, soundness of the physiological mechanism is a prerequi- 
site for making fine discriminations. The second factor, tlie in- 
fluence of practice, is distinctly more psychological. When we 
say- that the discriminal processes are influenced by practice in 
making discriminations we are saying that learning serves to in- 
fluence our responses to the physical energies in the environment. 

The importance of learning in the development of our dis- 
criminal processes is usually granted in general but seldom spec- 
ified in detail. Most researches in the past have been concerned 
with cross-sectional analyses of the discriminal processes, i.e., the 
capacity of the organism at the moment. When we study the 
influence of learning on these processes we are interested in the 
longitudinal aspects, i.e., how they developed. We have pointed 
out that practice effects are usually present even in a short ex- 
perimental session, and that in cross-sectional studies, E must 
control these efiects so that his data are not biased as a result of 
a practice differential. Early in this chapter we shall look at 
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experiments in which jB, rather than controlling the effects of prac< 
tice (as by counterbalancing), studies these effects. The bulk of 
this work has been done during recent years and the results have 
demonstrated clearly that our conception of the responses which 
are subject to modification must be broadened. 

Another factor which influences the discriminal processes, and 
which is basic to learning, is the fector of motivation. Our interest 
in motivation as related to discriminal processes has been sharpened 
because a few researches show that the motivation of S at the 
time he is making a discrimination or a judgment will profoundly 
influence that discrimination. 

One word before we review these experiments. A more thorough 
coverage of learning and motivation lakes place in later chapters. 
There we will systematically detail the experimental manipula- 
tions which cause changes in motivation, and also those mani- 
pulations which bring about differences in the rate of learning. 
By so doing we shall give adequate operational definitions to 
the concepts. For the present chapter we shall leave the two 
concepts of motivation and learning undefined, believing that 
their generally understood meanings are sufficient to permit an 
interpretation of their influence on tlie discriminal processes. 
When certain researches apparently show that factors other than 
learning and motivation influence the discriminal processes, the 
best guess is that these hitherto unidentified factors are actually 
aspects of learning and moderation. However, because of the 
unanalytical nature of the studies we shall have to be content 
with references to as yet unanalyzed biases influencing the dis- 
criminal processes. 

Our three major subject matter sections for this chapter, then, 
will be the examination of a few illustrative studies which show 
the influence on the discriminal processes of (i) learning, (a) 
motivation, and ( 3 ) unanalyzed biases. In addition to the review 
of these subjects, attention must be paid to certain problems of 
experimental design. Thus far in the book we have been dealing 
largely with experiments in which the estimate of the influence 
of a given condition was determined by the mean of many meas- 
urements on only one 5, or at most, a few Ss. In some of the ex- 
periments to be reported in this chapter and in most of the 
experiments in the remainder of the book, we shall be dealing 
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with, procedures involving a single measwtemeni on many Ss. The 
problems of experimental design raised by these procedures are 
numerous. Our initial consideration of these problems occurs in 
the latter part of the present chapter, using for illustrative material 
experiments dealing with the discriminal processes. 


ILtUSTRATTVE STUDIES SHOWING THE INFLUENCE OF 
LEARNING ON THE DKGRUVHNAL PROCESSES 

Pitch discrimination. We know that the major physical stimu- 
lus correlate of pitch is frequency of the sound wave. We know 
also that there are easily recognized differences among individuals 
with regard to pitch discrimination. The person who sings off key 
with irritating abandon probably has poor pitch discrimination. 
The problem of the influence of training on pitch discrimination 
has been a subject of considerable controversy for many years, 
with some psychologists asserting that pitch discrimination was 
largely a “given,” not subject to change, while others thought of 
it as a capacity which in part at least was built up by learning 
and would change with adequate training. Studies undertaken to 
resolve this difference of view had been quite inconclusive until 
Wyatt (423) performed an ejqjeriment in which most of the 
shortcomings of the previous studies were eliminated. 

Wyatt used the Seashore Measures of Musical Talent as the 
major index of pitch discrimination. Two other measures were 
also used, but we shall not consider them here. The Seashore 
Measures, it will be remembered, get an index of musical talent 
by employing the method of constant stimuli, in which the stimuli 
are presented in pairs on phonograph records. The album includes 
12 sides, among them a test of pitch discrimination. A standard 
tone is presented with variable tones i, 2, 3, 5, and 8 cycles above 
and below the standard. An average S will have only a small 
percentage of error when the difference between the standard 
and variable is 8 cycles, and will have nearly a chance score 
(50 per cent correct) when the difference is 1 cycle. The less the 
difference between the standard and the variable which can be 
perceived, the better the discrimination. 

Wyatt used 16 .Ss, 8 of whom are described as musically 
inclined (being enrolled in the School of Music) and 8 as not 
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being musically inclined. The i6 iSs were administered the Sea- 
shore Measures for Pitch twice. This procedure provided a stable 
index of initial proficiency in pitch discrimination. Then each 
individual S was given twelve 50-minute periods of training in 
pitch vocalization and pitch discrimination. After the training 
they were tested again on the Seashore Measures, The pre-training 
tests were given at the start of a semester and the post-training 
tests at the end of that semester. No control group was used. It 
is a likely assumption that at least in the case of the non-musical 
Ss, little change would be brought about in pitch discrimination 
by other activities which took place during the semester. Such an 
assumption is not completely justified in the case of the 8 iJs enrolled 
in the School of Music. 

The training procedures were somewhat flexible, being changed 
to suit the needs of each S, Most of the discrimination training 
took place with a standard tone at 500 cycles, though in a few 
instances a tone somewhat lower than this was used. A special 
training device, a stroboscope, was employed. A tone of 500 
cycles was sounded and S was instructed to reproduce the pitch 
vocally. If the vocal tone were off pitch (from the 500-cycle 
tone), this would be registered automatically by the stroboscope. 
Thus, S could tell immediately whether his voice was too high 
or too low. 

TABLE 9 

InfitUemce of Pragtioe on PnoH DisdUMmATion 


Difference Between Standard and Variable {e.p.s.) 



8 

5 

3 

2 

1 

Pre-training error (%) 

16.7 

28.6 

31.3 

38.3 

49,8 

Post-training error (%) 

0.3 

9.4 

1 

25.4 

26.9 

42,1 


Data from Wyatt (423). 


Improvement in pitch discrimination was shown in the im- 
provement between the scores on the initial and final test by the 
Seashore Measures. These data for all 5s are shown in Table 9 
and Fig. 22. The average increase in the discriminal ability is 
pronounced at all levels of difficulty, i.e., with both fine and 
gross differences between the standard and the variable, but the 
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greatest percentage of improvement took place with the coarser 
discriminations. The non-musietd Ss scored higher after training 
than the musical Ss did before training. After training, 13 of the 
16 Ss were above the median for the group on which the Sea- 
shore Tests were standardized; before training, only 5 Ss. The 
changes brought about in these ^s by Wyatt’s training program 
leaves no doubt that pitch discrimination can be significantly 
improved by proper training. It is not known from this study 
whether or not the improve- 
ment which took place was 
permanent. If it follows the 
pattern of other learned acts, 
we may expect forgetting to 
take place unless practice is 
continued. 

Wyatt’s study (and others, 
c-g-j 401) leads us to con- 
clude that pitch discrimination 
is not a fixed capacity with 
which we are endowed, but is 
amenable to change by learn- 
ing. The increase in the ability 
to discriminate differences in 
pitch as a fimetion of training 
undoubtedly has its counter- 
parts in other psychological dimensions of auditory phenomena, 
as well as in other sense modalities. In the broader conception of 
our discriminal processes, Moore’s (364) classic study has shown 
Aat what we hear as consonance and what we hear as dissonance 
in musical tones is probably a fimetion of the learning imposed by 
our cultural standards. There is nothing inherently dissonant or 
consonant about a given combination of tones; rather, certam 
combinations axe called dissonant, and they are "bad,” while 
others are said to be harmonious or consonant, and they are 
"good.” 

Affective judgments. A series of experimental reports by Peters 
has been most effective in demonstrating the r6le of learning in 
our affective responses to certain stimuli. Peters starts out with 
an ideal situation bv usinjr stimuli to wbirh .Cs liar) nn intridi 
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Eio. 23. The ioEueoce of training 
on pitch discrimination. Data from 
Wyatt ( 423 ). 
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affective response. By laboratory manipulation he then attempts 
to produce different feelings toward the stimuli. In one study 
(a88), Peters used 49 Japanese words. These words would not 
produce strong affective reactions in S because for the most part 
they were completely new stimuli. Some affective tone might be 
aroused, however, because of similarity to English words. Sixty 
Ss, using the method of single stimuli, rated all 49 words as being 
either pleasant or unpleasant. From the original 49 words, 10 were 
chosen for special treatment. They were put on a mmary drum 
(a device for exposing verbal material for short, regular inter- 
vals). S was instructed to pronounce 5 of the words whenever 
any one of them came into the drum window and not to pro- 
nounce the other 5. Thus, 5 of the stimuli were to be followed 
by an “approach” or positive response, while 5 were to be fol- 
lowed by an “avoidance” or negative response. Ss continued 
working on the 10 words until they had gone through the list 
five consecutive times without error. 


TABLE 10 

Iwlubnoe of Foroino PosmvE or Approach Responses and Nboatwe 
OR Avoidamce Responses- to Verbal Stimuli 


Positive Words 

Per Cent Times Judged Phasant 

Before Training 

After Training 

warui 

38.3 

70.0 

mushi 

43.3 

71.7 

tori 

43.3 

73.3 

yoi 

56.7 

81.7 

heiwa 

56,7 

91.7 

J/egative Words 



kenasu 

60.0 

51.7 

karai 

53.3 

35.0 

tatakai 

50.0 

30,0 

homeru 

70.0 

48.3 

amai 

78.3 

61.7 


Data feom Peters (288). 


After the learning criterion had been achieved, iSs were asked 
to judge the stimuli again as to pleasantness and vmpleasant- 
ness. Table ro shows the initial and final scores in terms of the 
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percentage of cases a given word was I'ated pleasant. The first 5 
words in the table were those Ss had to learn to pronouce, and 
the second 5 are the ones they had to learn not to pronounce. 
In every case where S had to learn to make a positive response — 
to pronounce the words — the pleasantness value went up, as shown 
by the number of Ss rating them as such. In every case where S 
was forced to avoid pronouncing a word, the pleasantness index 
went down. These results are squarely in line with Peters’ theo- 
retical argument that affectivity is a learned response and that 
stimuli which evoke avoidance responses will be judged un- 
pleasant and stimuli which evoke approach responses will be 
judged pleasant. The meaning of the stimulus, then, determines 
the affective judgment toward that stimulus. It would thus ap- 
pear that if we can produce a stimulus which evokes withdrawal 
responses, the feeling of unpleasantness will develop toward that 
stimulus; contrariwise, if we can produce an approach response 
toward a stimulus, the feeling of pleasantness will develop toward 
that stimulus. 

Attitude changes. Thurstone, in applying psychophysical 
methods to the study of social problems, has shown in several 
instances that changes in attitudes can be brought about by set- 
ting up certain experiences which arc designed either to counter 
or enhance a given attitude. One illustration will suffice (384). 
This study used the paired comparison technique and school 
children as Ss. Initially, the children scaled the seriousness of 
various behaviors. ' 5 s were presented the stimuli in pairs and 
were asked to indicate which of the two they thought most serious. 
There were 13 items involved, with the children placing a gangster, 
a bank robber, and a kidnaper near the top in terms of serious- 
ness of offense, and putting the beggar and the tramp near the 
bottom or least serious end of the scale. A gambler was placed 
near the middle of the scale. After the initial comparisons, the 
children were shown a film which depicted the life of a gambler 
in a none too favorable light. Then the tiiildren again evaluated 
the 13 offenses by the paired comparison method. The only 
appreciable change ocemred in the case of the gambler, 
the seriousness of this offense was raised considerably. Evidently 
the film was effective in producing a change in attitude to- 
ward gambling. This study exhibits the influence of learning 
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since tlie acquisition of the “true” picture of the gambler, as 
portrayed by the film, raised gambling to a higher point on the 
dimension. 

Experimental establishment of a perceptual bias. £xten> 
sive data presented in Chapter II, Table 2, showed a consistent 
tendency for S to overestimate the length of a given line. Such a 
tendency is indicative of a perceptual bias. The Mullcr-Lyer 
illusion provides another illustration of a perceptual bias which 
is almost universal. How do such biases arise ? There is no agree- 
ment on this matter. The universality of certain illusions and 
their presence at early ages suggest that learning is not an im- 
portant determinant of them. Learning may, however, modify 
these perceptions considerably. On the other hand, certain of 
our other perceptual biases seem to have been developed almost 
excltisively by learning. It is to such biases that we will turn our 
attention. 

One of the difficulties attending the investigation of such pro- 
blems is that many of the biases are so unique that general trends 
are difficult to discern, and even if general trends are isolated, 
not a great deal is told us about how the bias developed. The 
source of the bias may be far back in the life of the individual. 
Yet, there is no reason why these perceptual biases could not 
be developed in the laboratory if they are learned. If they arc 
learned, the laboratory problem consists in applying basic principles 
of learning to discover what causes iS’s perceptual bias. We turn 
to a study by Proshansky and Murphy (300) which suggests that 
this can be accomplished. 

Two small groups of Ss were used, a conti'ol and an experi- 
mental group. In a pre-training series of judgments by the method 
of single stimuli, Ss of both groups were asked to estimate the 
lengdi of a series of lines from a inches to 7 inches long. Then the 
experimental group was put through a series of training trials. 
During training S was shown the same series of lines he had seen 
during the pre-training trials. In the training trials, S made no 
overt response to these stimuli — ^he only observed them. However, 
E rewarded and punished according to a prearranged plan. All 
long lines were rewarded by giving S' money when they were 
shown to him; all short lines were punished by E taking back 
some of the money, (At the end E was nine dollars in the hole.) 
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Intermediate length lines were rewarded and punished in a hap- 
hazard manner. The control group went through the training 
series but were merely shown the lines — ^no rewards or punish- 
ments were given. 

The critical point of the experiment came in the post-training 
test series. On the test series Ss of both groups were shown inter- 
mediate length lines and were asjred to estimate the absolute 
lengths. No rewards or punishments were given to either group 
during the test series. The statistics involved the comparison o£ 
the pre-training judgment of the lines with the post training 
judgments. This comparison showed that there was a significant 
shift in the experimental group toward estimating the length of 
the lines longer than they had been estimated during the pre- 
training trials. The control group showed no such shift. From 
these results it is inferred that the experimental group had de- 
veloped a perceptual bias toward overestimating the length of 
lines as a consequence of being rewarded for the longer lines. 
The duration of the bias was not determined. 

Modification of taste preferences. We all have our prefer- 
ences for certain foods. Some of the food likes are almost universal; 
an American who does not like ice cream is looked upon with 
astonishment. Many other foods are liked by some and disliked 
by others in tire same fashion that certain musical selections or 
works of art are liked by some and not liked by others. Manu- 
facturers of new food products make it almost routine to de- 
termine the best formula (as determined by a taste test in a 
sample of the population) for a given product. If one is to can 
a new soup and there are several combinations of ingredients 
which might be used, taste tests noay be used to determine which 
combination would be most preferred. The armed services, as 
well as most large food manufacturing concerns, maintain testing 
laboratories for the purpose of testing tastes. Their problem is 
to determine preferences as they exist. An illustrative study will 
show how these preferences are likely to be the product of learn- 
ing. 

Gauger (104) set up a procedure which is called conditioning. 
The purpose of the investigation was to determine whether the 
food preference of pre-school children could be changed. He 
concocted some distasteful liquids made up of vinegfar, ear whites. 
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and salt. Children, when forced to ingest these solutions, showed 
obvious displeasure. Judges rated the reactions of the children 
on a dimension labelled “satisfaction” at one end, and at the other, 
“dissatisfaction.” In the initial part of the experiment the solutions 
of vinegar, egg whites, and salt were rated as bringing about very 
great dissatisfaction on the part of the •S's. Then a training pro- 
cedure was put into effect whereby a piece of chocolate, a highly 
satisfying food, was given immediately after the distasteful food. 
These pairings were continued for 35 days, with the judges rating 
the children’s reactions to the foods each day. By the end of 35 
days, the previously rated dissatisfactory foods were rated as no 
worse than indifferent, i.e., they brought neither satisfaction nor 
dissatisfaction. The chocolate, on the other hand, fell markedly 
in the amount of satisfaction expressed, though by the end of the 
35 days it had not reached the point of indifference. Each food 
seemed to have influenced the degree of Kking or disliking for the 
other as a consequence of the situation which forced the ingestion 
of both liked and disliked foods in rapid succession. The dis- 
tasteful food became less distasteful and the tasteful food became 
less tasteful. These conclusions depend, of course, on the as- 
sumption that the reactions of the children as rated by the judges 
are a valid index of food preferences. 

Summary. In this section we have considered experimental 
illustrations which all point to the importance of learning as a 
determinant of discriminal processes. It has been shown that even 
in simple sensory discriminations, such as pitch difference thresh- 
olds, as well as in our discriminal processes which restilt in what 
are called attitudes and affective judgments, learning is a major 
determinant of the response. Learning thus becomes a funda- 
mental variable in discriminal processes, and an understanding of 
factors which effect the rate of learning, as well as allow it to 
take place, becomes basic to the understanding of behavior. 

ILLUSTRATIVE STUDIES SHOWING THE INFLUENCE OF 
MOTIVATION ON THE DISCRIMINAL PROCESSES 

The psychological size of coins. One of the most intriguing 
experiments to be published in recent years is one reported by 
Bnmer and Goodman (45) in which lo-year-old Ss estimated 
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the size of coins. The method used was the method of average 
error. Twenty 5s served in an experimental group and lo in a 
control group. The apparatus was a small box with an adjustable 
photo diaphragm mounted at one end. The diaphragm could be 
adjusted so that a circular patch of light, admitted through the 
opening, could be varied in size from ^/g to a inches. 

The experimental group of 58 went through two series of judg- 
ments. In the first series 5 was asked to set the diaphragm so that 
the circle of light would be the same size as a penny. Then he was 
asked to make the opening the same size as a iive-cent piece; then 
a dime, a quarter, and finally, a half-dollar. For each coin in this 
series 5 made two judgments, one after B had set the diaphragm 
considerably larger than the coin, and one after E had set it con- 
siderably smaller than the coin. When the size of all coins had 
been estimated once, the procedure was repeated, but this time 5 
started with the half-dollar. The exact procedure for each 5 was; 

5f loft sgff soft 50^ ssf lof 5^ if 

S-L S-L S-L S-L S-L S-L S-L S-L S-L S-L 

The 5 and L indicate “smaller” and “larger,” showing that for 
each coin in both orders the diaphragm was set both smaller and 
larger so that the movement error, if present, would not unduly 
bias the judgments. The ascending and descending order (a to 6, 
b to a) would presumably balance any practice effects which 
might occur. Each 5 went through the above procedure so that 
each made a total of fom: judgments for each denomination of 
coin. 

In the first part of the experiment 5s set the diaphragm on the 
basis of memory for the size of coins. After the completion of 
this series they went through the same procedure again except 
that a real coin was held in the palm of the left hand while ad- 
justments of the diaphragm were made with the right. Thus, 5 
would hold successively a penny, a nickel, and so on, in his hand, 
in each case adjusting the diap^agm until he thought it was the 
size of the coin. 

A control group went through only the second series, and 
instead of holding a coin in their hands, the 5s held a small card- 
board disc. A series of these discs was cut so as to be exactly the 
same size as the series of coins held by the experimental group. 
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If there were differences appearing between the judgments of the 
two groups it is presumed that they were a function of differences 
in apparent size and not actual size. 

So far we have discussed conditions for gathering the following 
data; (i) judgments when coins arc absent; (a) judgments when 
coins are held in hand; and (3) judgments when cardboard discs 
are held in hand. The selection of the 20 Ss in the experimental 
group was such that half came from well-to-do families and half 
from a settlement house in a slum area. Differences in judgments 
between the poor and rich children thus permit study of the effect 
of another variable. 


TABLE 11 

Pbhoentaoe Deviation ebom Actual Size in Judgments of Goins and 

Discs 


Group and 
Conditions 

Penny 

J^ickel 

Dim 

Qjiartir 

Half- 

Dollar 

Number 
Judgments 
Per Coin 

20 Ss 

Coin Present 

16,5 

23.9 

29,1 

37.0 

29.6 

80 

20 S-s 

Coin Absent 

7.2 

19.6 

11.6 

32.8 

35.8 

80 

10 5s 

Disc Present 

—5.4 

—.9 

—1.5 

1.8 

-.8 

40 

10 Rich Ss 
Coin Present 

10.3 

20.4 

16.3 

22.4 

17.4 

40 

10 Rich 5s 
Coin Absent 

2.6 

19.8 

7.8 

28,3 

34.7 

40 

10 Poor 5s 
Coin Present 

22.7 

27.3 

41.8 

51.6 

42.0 

40 

10 Poor 5s 
Coin Absent 

11.8 

19.4 

15.4 

37.3 

36.9 

40 


Data from Bruner and Goodman (45). 


Table 1 1 shows the results of the judgments for all conditions 
for all groups. The data are presented in terms of percentage 
deviation from actual size of the coins or discs. All values which 
have a minus sign indicate the Ss set the diaphragm smaller than 
the true size of the coin, and all others indicate that they set it 
larger than the true size. From Table 11, one general result is 
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qtdckly perceived; whenever the judgments were made concern- 
ing the coin size, overestimation of the size resulted. 

Figure 23 is a graphical representation of the judgments made 
by the ao Ss in the experimental group when the coin was present 
as compared with the judgments made by the 10 iSs in the con- 
trol group when the cardboard discs were used. In judging the 
discs the control group was remarkably accurate except for the 
5 per cent underestimation of the disc the size of a penny. 
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Fio. 23. Errors in the judgment of size of coins and size of cardboard discs 
the same dimensions as the coins. Data from Bruner and Goodman (45). 

The experimental group, on the other hand, consistently set the 
diaphragm so that it was larger than the true size of the coin. This 
overestimation is large and except for the drop which occurred 
with the half-dollar, the error increases as the value — not size — of 
the coin increases. In the case of the quarter the overcstimation 
averaged 37 per cent. A quarter has a diameter of about 15/16 
inches. A 37 per cent error indicates that on the average the 
diaphragm was set so that its diameter was about 21/16 inch. 

Table x i indicates that except in the case of the half-dollar, the 
overestimation was not as great when the judgments were made 
from memory (when coin was absent) as when the coins were 
present. Also, this table shows that the overestimation of the coins 
by the xo iSis in the poor group is greater than that made by the 
xo Ss in the rich group. These latter differences have been plotted 
in Fig. 34. 
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Btuxver and Goodman indicate that these differences in the 
magnitude of the overestimation between the poor and rich 
children probably reflect a basic motivational difference in the 
two groups. A coin has greater value to a poor boy than it does to 
a rich boy and this is presumably mirrored in the size estimations. 



Fid. 34. Differences in the amount of overestimation of coin size as a function 
of the financial status of S. The poor Sa were from a settlement house in a slum 
area] the ridi & from well-to-do families. Data from Bruner and Goodman (45). 


The conclusion of the authors with respect to the over-all results 
of their experiment is that in perceptual judgments one must 
consider motivational factors which may operate to distort the 
“pure” perception. If a given object has reward value — if it would 
satisfy a motivational state — observations concerning that object 
may be distorted, and a constant error results. From the results 
of this experiment it appears that the amount of constant error 
is a direct function of at least two variables; (r) the strength of 
the motivation (rich Ss vs. poor Sa), and (a) the potential reward 
value of the object (the greater the value of the coin the greater is 
the constant error, within limits). 

Concerning the procedure used in conducting the experiment, 
several factors should be pointed out. A cardboard disc would not 
weigh as much as a coin the same size; hence, this may be a 
variable not controlled. The coins have designs on them, the 
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cardboard discs do not. This might influence the size estimations. 
The rich and poor groups were not matched for perceptual acuity, 
the assumption being Aat the average perceptual acuity of the 
two groups was the same. Since the obtained differences were 
large, it is unlikely that the control of these factors would change 
the basic findings, but the introduction of such controls might 
change the absolute differences somewhat. 

Response modification by hunger. Although a fear of hunger 
may serve to motivate many people, hunger as such is probably 
not a vital factor in most of our adult behavior. This would not 
be true, of course, among inmates of concentration camps nor 
among very poor people. However, it can be shown that lack 
of food for even short intervals of lime will modify the response 
characteristics of adults. Two experiments which demonstrate this 
have been performed by Sanford (331, 332). The experiments are 
closely integrated and we shall take the essentials from both for 
our considerations. 

The question which Sanford asked was: “How do food re- 
sponses vary in frequency as time since food was taken increases?” 
To answer this question, Ss were brought to the laboratory at 
various times following a meal and were subjected to certain tests 
designed to eUcit food responses. One of these tests was a free 
association test. Selected words were used as stimuli to which S 
was instructed to give the first response to the stimulus word 
which occurred to him, i.e., the first response which came to 
his mind. Some of the stimulus words used were: finish, plenty, 
store, hot, knife, serve, and bottle. All of these words, it can be seen, 
might be associated in some manner with eating. If the response 
to a stimulus word was the name of a food or a verb meaning 
to eat, it was counted as a food response. 

Another method of getting an index of the change in frequency 
of food response utilized what is called commonly a projective 
technique. Ss were given pictures and asked to tell what the pictures 
suggested to them. If there were variations in the number of 
responses clearly indicating concern over food, and if these varia- 
tions were related to the time interval following the last meal, 
influence of the basic motivational state of hunger would probably 
be indicated. 

Although other measures of the frequency of food responses 
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were used, the two discussed above were the major measurements 
taken. The results of the experiment show that food responses 
did increase as the length of time between testing and the last 
meal increased. The greatest increase in the number of these 
food responses took place during the first few hours, with but 
little change between 4 and 24 hours. The mean number of food 
responses for varioxis intervals is shown in Fig. 25. The mean 
values are composite scores of all methods of measuring the food 
responses. 



Fio. 35. Relationship between the number of food responses and time elapsing 
since last meal. Data uom Sanford (333). 

A somewhat similar experiment has been performed by Levine, 
Ohcin, and Murphy (214). -Bs showed 5 iJs a series of achromatic 
(non-colored) cards and chromatic (colored) cards on which 
were ambiguous or indistinct figures as seen through a ground- 
glass screen. S was requested to report what he saw in the screen. 
Like Sanford’s results, it was shown that up to a certain point the 
number of reports of seeing food increased as the time since last 
eating increased. However, beyond 6 hours for the achromatic 
pictures, and beyond 3 hours for the chromatic pictures, the 
number of food interpretations decreased. It is doubtful if this 
decrease is reliable. McClelland and Atkinson (228) have recently 
employed very much the same technique as that used by Levine, 
Ghein, and Murphy, but used firom 17 to 20 ^s in various groups. 
The longest period of deprivation for Ss was 16 hours, but up 
to that point no evidence of a decrease in the number of food 
responses was found. 
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Perceptual difiEerences brought about by different motiva- 
dous induced by hypnosis. Next to extra-sensory perception, 
probably no other psychological phenomenon has caused so much 
furor as has hypnosis. Whereas extra-sensory perception is of 
dubious authenticity, hypnosis is universally recognized as a genuine 
phenomenon, differing from the normal waking state. Descrip- 
tively, hypnosis is a state of heightened suggestibility, although 
the basic mechanisms which allow an individual to be placed in 
an hypnotic state are unknown. Hypnotic states are of all degrees 
of intensity, from extremely light hypnosis differing but little 
from normal consciousness, to deep hypnosis in which S is literally 
a tool for jB. Because of the sensationalism attached to the phe- 
nomenon, because of misunderstandings concerning it, and be- 
cause it has been employed by unscrupulous individuals, it is 
still looked upon with disfavor on many college campuses. The 
major use of hypnosis at present is in the psychotherapeutic treat- 
ment and diagnosis of maladjusted individuals. If care is taken, 
however, there is no reason why hypnosis may not be used as a 
laboratory technique. We shall evaluate one experiment in hyp- 
nosis as an exercise which will strengthen your critical attitude 
of experimental procedure. See if you can detect the flaw in the 
experiment to follow before it is pointed out. 

The technique used consisted of inducing different motiva- 
tional states in deeply hypnotized Ss, and determining the differ- 
ences in responses which resulted in a standard situation. In this 
experiment only 3 Ss were used. Each S, while hypnotized, was 
“given” in succession first a happy motivational state, then a 
critical motivational state, and finally, sin anxious motivational 
state. While each S was under each of these three different states, 
a series of six pictures was shown him and he was asked to de- 
scribe or interpret what he saw in each picture. JEs were primarily 
concerned with the different interpretations which emerged as a 
function of the different motivational states. By proper suggestion 
under hypnosis the memory of the previous description for a 
given picture imder one state can be removed so that when S 
describes the same picture under a different motivational state, 
it appears to be an entirely new picture. You may find it inter- 
esting to ponder this fact with regard to the balancing of practice 
effects. 
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It will be of value to indicate the instructions used in inducing 
the three motivational states: 


HAPPY. Now you are feeling very happy and you are in a cheerful and 
joyous mood. You feel as if everything is rosy and you are very optimistic. 
You have a comfortable feeling of well-being; nothing is worrying you. 
You feel perfectly at peace with everything and everyone. You are in a 
very happy, cheerful, and optimistic mood. 

oiUTiCAX. Now you are very critical; you are quick to find fault and to 
condemn unfavorably. Your judgment of others is very harsh and severe. 
You see failings and faults very dearly. You are very critical and fault- 
finding. 

ANXIOUS. Now you are quite anxious. You are disturbed over some 
possible misfortunes. You are disquieted and concerned as to something in 
the future. You are a little fearful and mildly alarmed. You have a feeling 
as if you were expecting something disagreeable to happen, yet were not 
sure it would. You are quite anxious (aig, p. 518). 


E recorded everything S said when describing the pictures. 
The core of these remarks has been reproduced in the report. The 
remarkable differences in the interpretation, given the pictures 
under the different motivational states can only be demonstrated 
by reproducing some of the remarks. Let us take one picture and 
quote the remarks made by all 3 5 s under three different motiva- 
tional states. This picture depicted 4 college men on a sunny lawn. 
These men were typing, reading, and listening to the radio. The 
following interpretations were given; 


StaU Subject A 


Sulgect B 


Subject C 


HAPPY “Before the war. 

Boys lying on cam- 
pus listening to 
radio and reading. 
Not getting mu(^ 
done but having a 
good time. That’s 
fun though.” 

CWTIOAL “Typical college 
campus. Everybody 
loafing. Typing a 
letter he doesn’t 
need to type. Slack- 
ing on their work.” 


"Complete relaxa- 
tion. Not much to 
do — -just sit, listen, 
and relax. Not 
much at all to think 
about.” 


“Someone ruining a 
good pair of pressed 
pants lying down 
fike that. They’re 
unsuccessfully try- 
ing to study.” 


“Sunbatheis, radio, 
books, studying and 
typing in the sun- 
shine. It must be a 
very warm and rest- 
ful place.” 


“Somebody trying 
to get tan, wasting 
time. Not comfort- 
able. Tie coming un- 
done, sole of shoe 
worn out. Messy. 
Leaves unraked.” 



THE INFLUENCE OF GENERAL VARIABLES 1 35 

StatB Subject A Subject B Subject C 

ANXIOUS “Boys relaxing on “They’re listening “Lot of men. Peace- 
college campus. By to a football game ful enough. I won- 
now they may be or world series. Pro- der if they want to 
overseas or wound- bably a tight game, come back, and 
ed or dead. They One guy looks as what’s going on in 
never know whether if his side wasn’t their minds. Are 
they’ll come winning.” they fighting now ?” 

through alive.” (213, pp. 519-521). 

Further, an attempt was made to see how much the induced 
states influenced the thoughts or perceptions of the Ss as inferred 
from the remarks. Each remark made by iSs for every one of the 
six pictures was typed on a separate slip of paper and given to 
three judges who were requested to decide whether the remarks 
indicated a happy, critical, or anxious mood. In the case of the 
remarks produced under the happy states and the critical states, 
the judges were in high agreement; that is, remarks produced 
during these states were placed in the proper category by the 
judges. Concerning the anxious state, however, the results were 
much less clear-cut. The judges sometimes thought the remarks 
obtained under this induced state were critical and sometimes 
thought them happy. This is apparent even in the protocols re- 
produced above. 

The results obtained tend to support the importance of motiva- 
tional differences as a factor producing differences in perception. 
Indeed, as the authors point out, in several instances the descrip- 
tion given one picture in one state woidd not be recognized as 
applying to the same picture for which a description was given 
in another state. It seems that 5s see different things, although the 
environment remains the same. 

Gan we accept the conclusion indicated? Doesn’t the experiment 
possibly contain a false inference with regard to the influence of 
hypnosis in producing the differences? It would appear that a 
worthwhile control to this experiment would have been to have 
5s not hypnotized describe the pictures following the same in- 
structions given to the hypnotized 5s. It is barely possible that 
non-hypnotized 5s would have described these pictures in as 
diverse ways as did the hypnotized 5s. To accept the results as 
indicated we have to assume that normal 5s would have behaved 
differently. Such assumptions should not have to be made. 
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Sununary. We have considered experiments which suggest the 
importance of specific motives in determining the direction of the 
discriminal processes. This is a relatively new area of research 
and the data are far from being conclusive for discriminal processes 
as a whole. Enough has been done, however, to make two points 
highly probable: (i) motivation influences what for some time has 
been thought to be relatively invariable response patterns; and 
(a) the dimensions which describe a physical stimulus are far from 
being the only variables which enter into a psychological situation 
in wliich 5 is asked to make judgments concerning that stimulus. 
Physical dimensions may be used to describe the stimulus as such, 
and variations in those dimensions will usually bring about a 
variation in response. However, in addition, we have the ac- 
cumulated past experience of S with the stimulus, plus the motiva- 
tion at a given moment, which together may in some cases alter 
the discriminations drastically. 

ILLUSTRATIVE STUDIES SHOWING THE INFLUENCE 
OF UNANALYZED BIASES ON THE DISCRIMINAL 
PROCESSES 

In reviewing most of the studies in this section wc are likely 
to speculate concerning the origin of the biases which will be 
shown to influence the discriminal processes. Usually the proposed 
hypodiesis will point to learning as the basic deteraiinant. Yet, the 
complexity of these biases, and the lack of control of the learning 
in the laboratory, make the attempt to trace the source rather like 
a guessing game. 

Biased judgments as a consequence of wearing glasses. 

Many people hold a fairly firm belief that they can judge quite 
accurately the personality traits of an individual merely by looking 
at the person or perhaps talking with him for a few minutes. The 
number of judgments which is made in this manner every day is 
legion. Only after studying the results of experiments such as the 
one by Thornton (382) can we fuUy appreciate how much these 
everyday judgments may be based on trivia which have little if 
any pertinence in making a reliable or valid judgment. 

Thornton asked: “What differences in judgment of the per- 
sonality traits of a person might arise eis a consequence of his 
wearing or not wearing glasses?” To answer the question, Thornton 
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set up two conditions; In the first, iSs wore glasses and were 
judged on several traits by a group of students; in the second, 
the same Ss did not wear glasses and were judged for the same 
traits by students. By this procedm’e each S became his own con« 
trol so that the results of the judgments when he wore glasses could 
be compared directly with the results of the judgments when he 
did not wear them. Such a procedm:e requires, however, that the 
same person not appear before the judges both with and without 
glasses, since the judges would undoubtedly remember the in- 
dividual as having appeared before. To get around this difficulty 
Thornton divided the two classes of elementary psychology 
students (who- served as judges) into two sub-groups. S then 
appeared before one sub-group wearing glasses and before an- 
other not wearing them. The same procedure was repeated for 
the second dass. Eleven Ss were brought before the two sub- 
groups of the first class and 10 of these iSs appeared before the 
two sub-groups of the second class. Schematically the conditions 
appear as follows: 

CLASS A OLASS B 

Sub-group I Sub-group II Sub-group III Sub-group IV 

5 Ss With Without 5 iSs With Without 

6 Ss Without With j Ss Without With 

The with indicates that S wore glasses; without means S appeared 
without glasses. 

In making his appearance before the groups of judges (37 in 
Glass A and sg in Glass B), S came into the classroom and sat in 
a chair for approximately 2 minutes. The glasses which were worn 
under the appropriate conditions were rimless and made of plain 
clear glass. The Ss were graduate students and were unknown to 
the group of judges. The judges were told nothing of the pmrpose 
of the experiment other than it was designed to determine how 
accurately people can judge traits by visual cues. The judges made 
estimates of several personality traits including kindliness^ intelli- 
gence, industriousness, honesty, dependability, and sense of humor. The 
judges recorded their estimates on a lo-point rating scale on 
which zero meant “completely lacking in the trait”; 5 meant 
having an “average amount,” and 10, having the “greatest possible 
degree.” The rating scales were treated arithmetically and 
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significance of the differences in the ratings was found in terms 
of the differences in the mean ratings obtained. 

The results for all ratings combined show that when wearing 
glasses S was judged to be more intelligent than when not wearing glasses. 
The difference between the two means was highly significant. 
Furtheimore, while wearing glasses S was likely to be judged 
as more industrious. The difference in effect between wearing and 
not wearing them was not as great as in the case of intelligence, 
but large enough to be reliable. Judgments of the other traits 
showed no significant relationship to the wearing of glasses although 
several approached significance. However, all traits were judged 
to be present in somewhat greater amounts when S was wearing 
than when not wearing glasses except sense of humor. Here the 
judges tended to bestow a higher sense of humor on S when not 
wearing glasses. In another study {381) Thornton has shown 
that all the differences in the judgments were greatly enhanced 
when the estimates were made while looking at photographs rather 
than at the real S, 

When spectacles can so emphatically influence our judgments 
of personality traits, we may well wonder how many other in- 
consequential stimuli determine or aid in determining such judg- 
ments. Indeed, we adults must be bundles of biases which are at 
odds with the real make-up of the world. How do these biases 
arise? By learning, probably, but in most cases the conditions 
fostering that learning are obscure. We may guess that glasses 
are quite strongly associated with reading, that reading is asso- 
ciated with school work, that school work is associated with 
education, and education is associated with intelligence. Perhaps 
the advertisers of glasses have been partly responsible for this bias. 
Regardless of how it arose, it is clear that such a bias is present and 
that the objectivity of our judgments may suffer as a result. 

Judgment of skin color among Negroes. We are well aware 
that Negroes differ in color. There are those with light skin and 
those with very dark skin. The question we are concerned with 
is how judgments of the amount of color of Negroes are affected 
by the color of a judge who is himself a Negro. The study which 
gives us this information was performed by Marks (247) at Fisk 
University, and the results show a definite bias whi^ affects the 
judgments. 
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Marks had a group of students rate all other students in a class 
on several different factors. An 8-point scale was used with only 
the extremes of the dimension labelled for each factor. Six char- 
acteristics were rated, these being energy, personal charm, intelli- 
gence, stoutness, skin color, and how well th^ knew the person they 
were rating. By the rating method used, each person rated every 
other person on all traits, and each person was rated by every other 
person on all traits. 

Before examining the data on the judgments of skin color as a 
function of the individual’s own color, we need to examine a 
methodological problem which arose in this study. In order to get 
a measure of the deviation of the judgment of skin color from the 
true color we would have to have some measure of that true skin 
color. One measure which suggests itself is that of the average 
skin color assigned a given S by all other Sa. Such an assumption 
would presume that personal biases would influence the judgments 
in such a way that these judgments would be equally distributed 
both above and below the true color, hence, would cancel. Marks 
made a check on this assumption by using a technique similar 
to the method of average error. The skin color of the inner sur- 
face of the upper arm was matched with a color wheel in which 
various components of red, black, yellow^ and white could be 
fused. A color wheel is simply a rapidly rotating disk. If various 
colors are put on the wheel these colors will fuse when the disk 
rotates at high speed. The given objective measure for the match- 
ing of the skin color was the per cent of black paper which was 
necessary to make the match, with the amount of red, yellow, and 
white held constant. The more black paper required, the darker 
the skin. This percentage value was then correlated with the mean 
ratings of skin color and found to be .89, indicating a high degree 
of agreement between the two measurements. Marks concludes 
that he can use the average ratings as a satisfactory index of true 
skin color. 

Our major interest concerns the ratings given other Negroes by 
a rater of a given skin color. The data show that a darker judge 
will rate another S lighter in color than will a light judge. That is, 
given a person of, say, average darkness, a very dark judge will 
assign this person a rating which is considerably lighter than that 
assigned by a very light judge. It appears that the reference point 
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around which the judgments of skin color revolve is the rater’s 
conception of his own color. S is seen as lighter or darker than the 
rater. Relatively, then, the position of a person on the scale will 
be the same for all raters, though the absolute ratings will vary 
a great deal. In effect, each Negro has his own anchoring point 
(his own color) which determines his judgments of lightness and 
darkness in others. It may be pointed out, incidentally, that the 
preferred color among Marks’ Ss was neither a very light color 
nor a very dark color, but a color slightly past the middle of the 
scale toward the light end. 

One other finding of Marks is of some interest. Correlations 
between average skin color ratings and personal charm were 
significantly high but negative. The correlations ranged from — .47 
to — .8a for four different groups. The darker the skin the lower 
the rating for personal charm. There may be associated physical 
traits or unknown attitudes which cause the relationship, or the 
two may not be causally related at all. It may simply represent 
a halo effect in the ratings if the lighter skin color is preferred, 
though diis is not likely, since, as we have seen, there is not a direct 
relationship between lightness of skin and preference. 

Marks’ findings can probably be reproduced on personal char- 
acteristics of different^ kinds in both white and colored people. 
Weight among girls, for example, would be an interesting char- 
acteristic to explore. How does a skinny college coed judge the 
weight of other coeds ? How would a fat college coed’s judgments 
compare? On any personal characteristic on which a high premium 
is placed in our society we are likely to find the egocentric biases 
entering in to modify the judgment. Each person ties his scale 
of values around his conception of the amount to which he 
possesses a given characteristic and judges others accordingly. 
We do, it appears, have an anchoring effect here in the same sense 
that we have an anchoring effect in the judgment of affective 
stimuli as discussed in the previous chapter. It would be an inter- 
esting experimental procedure to endeavor to change the anchor- 
ing values. Studies which we shall consider subsequently have 
attempted this in some areas. 

A change in food preference by social example. We have 
previously considered an experiment in which food Hkes and dislikes 
were changed by a clear-cut learning situation. The present study 
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is concerned with change of food preferences through the social 
example of a respected leader. This study also gives rare data in 
that the stability of the changes has been studied. 

The study was performed by Marinho (246) and was carried 
out with 4- to 6-year-old Brazilian children in the kindergarten 
of the Institute of Education at Rio de Janeiro. The initial prob- 
lem was to determine the already existing food preferences of the 
children. The food, fruit pastes of different flavors, could be cut 
in pieces of exaedy the same size (no mention is made of the color). 
The method of determining the favored and less-favored pastes 
was by paired comparisons, the various pairings taking place over 
a period of several days. From these initial measurements two 
experimental groups were segregated: (i) a group of 2a i?s who 
had a strong preference for one of the foods used; and (2) a group 
of 7 Ss who showed no preference for the foods. This latter group 
did not demonstrate even a temporary^ preference for one food 
over another. 

In addition to the two experimental groups, two control groups 
were formed. Each S in the control group was matched with one 
in an experimental group on the basis of initial preference. Dur- 
ing the experiment the control groups were subjected to no specific 
training of any kind; rather, they simply continued to choose 
between foods as they had done previously. Changes in food 
preferences by the control group showed- how much modification 
could be attributed to normal living and eating conditions and 
to the continued choosing of foods. The difference between these 
changes and the changes shown by experimental groups gave an 
index of the influence of the experimental variable. 

The training procedure was one of exposing a given J to a 
choice situation which was identical with the one he had just seen 
another child, a leader, experience. The leaders used had been 
picked by E after several weeks of observing the social relation- 
ships among the children on the playground. The several leaders 
selected were taken into E’s confidence. Before the leader and S 
came into the experimental room, E instructed the leader con- 
cerning which food he should choose. 

The instructed leader and S came into the room where E was 
already sitting. E introduced the choice situation by means of a 
story with which the children were familiar. A Big Mouse (the 
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leader) and a Little Mouse (the S) were on their way to the Gat’s 
house. When they reached the house the Cat didn’t “happen" to 
be at home, so die two mice decided to eat the food in the Cat’s 
house. The Big Mouse took a piece of food (we will call it Food 
B) from a plate on which both Food A and B were present. In the 
case of the experimental group in which there was a dominant 
preference for the food which we shall call A, the leader had been 
instructed to take Food B, i.e.j the non-preferred food as far as S 
was concerned. In the case of the experimental group whose 
members had no preference for either Food A or B, the leader was 
instructed to take a given food and always take that food. We shall 
call this Food B also. 

After the leader had chosen Food B, he said to S: “Now, Little 
Mouse, don’t be afraid; take a nice bit of food from this other little 
plate.” This other plate contained two pieces of food exactly the 
same as those contained on the plate from which the leader had 
made his “choice." After S had made his choice, E recorded it and 
the trial was over for that day. 

If this “Big Mouse-Little Mouse” patter seems somewhat alien 
to the solemn “brass instruments” of the laboratory, it may be 
mentioned that in experimenting with children certain steps must 
be taken to insure their full cobperation. Asking these Ss to 
imagine that they are characters in a story is a good device for 
removing the strangeness of the experimental situation. Inci- 
dentally, it is not known whether the taking of food from the 
Cat’s house made stealing acceptable, hence gave a push to the 
development of juvenile delinquency among the 5s. 

We are not given information as to how many training trials 
5s in the two groups had, but it appears that this was varied, some 
having many, others having but few. It will be remembered that 
the control group received none of these training trials. The results 
on the first ten training trials arc outlined in Table 12 . We have 
two experimental groups and their two control groups. During 
the training trials the leader always took Food B. 

The upper half of Table la shows that changes were brought 
about as a function of the leader choosing the non-preferred food 
just prior to the time that 5 had to choose. The most preferred 
food at the start of the training was reduced in percentage prefer- 
ence and the least preferred food at the start of training was 
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increased in preference value. Some small changes were noted in 
the control group although these may well be within the range 
of the error of measurement. The change in the control group 
should be subtracted from the change in the experimental group 
to get the best estimate of the absolute amount of change which 
occurred as a result of the experimental manipulation. 


TABLE 12 

Influenge of LEADEa Fkbstioe on Modificatiom of Taste Preferences 


Group 

Choice Before Training 

Choice During Training 

%A 

7oB 

%A 

%B 

Experimental I 

87.3 

12.7 

58.6 

41.4 

Control I 

89.6 

10.4 

84.6 

15.4 

Experimental II 

52.9 

47.1 

11.4 

88.6 

Control II 

51.4 

48.6 

42.9 

57.1 


* Data from Marinho (246). 


The lower half of the table shows that when no preference 
existed at the beginning, a preference could be rather firmly 
established. Food jB, having been selected by the leader, was 
selected nearly 88 per cent of the time by iSs in Experimental 
Group II. Again, the control group shows a small change in the 
same direction. All in all, these data point to the fact that the 
leader’s behavior was a powerful factor in the choices made by 
S. Concerning the amount of change which took place in the 
two experimental groups, it would appear that it is easier to 
establish a new preference by this method than to break down 
an old preference and at the same time establish a new one. 

The preferences of the children for the food were tested at 
various intervals for a period of a year. In the case of the food 
preferences set up in Group II (in which there was no preference 
for A over B at the start of the experiment), it was found that 
the preferences endured time after time even though the leader 
was no longer present. In the case of Group I this was not true, 
for with the passage of time there was a regression to their previous 
proportions of likes and dislikes. Only 17 per cent of the Ss. showed 
indications of enduring preferences for the foods. 
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This experiment demonstrates that a bias in one’s preferences 
may be introduced by prestige suggestion; to be more specifie, 
the food choices among leaders will determine to a certain extent 
the food preferences of followers in children’s groups. The process 
might be thought of as imitation or suggestion. Neither term 
explains the facts but probably indicates that a complex form of 
social learning is taking place, a fact which we have suggested 
by the continual use of the term training. 

Summary. In this section we have considered experiments in 
which the discriminal responses are clearly influenced by experi- 
mental conditions but in which the basic mechanism or mecha- 
nisms which bring about that response modification is obscure. In 
most cases it would appear that previous learning is the major 
factor, but because it is very difiScult to analyze the complex of 
conditions, we have preferred for the time being to refer to the 
mechanisms as biases, the origins of which are unknown. It will 
be noted that we have not considered, in this section, experiments 
which are concerned with simple sensory discriminations. As we 
indicated before, biases which operate in those situations are called 
constant errors and in many cases special names, such as space 
error, time error, and so forth, have been applied. The causes for 
these errors may or may not be known but the errors do, as in the 
experiments reviewed in this section, produce a shift of response 
in a constant direction. 

DESIGN METHODS 1 AND H: DIFFERENT GROUPS FOR 
EACH CONDITION 

We need to evaluate certain design problems which have been 
inadequately discussed in reporting the experiments in this chapter. 
In this section we shall give the background for two design methods 
and in the following section attempt to demonstrate how these 
methods work out in actual practice. 

Preliminary considerations. An experiment involves at least 
two diBferent conditions. The purpose of the experiment is to deter- 
mine the differences in response produced by these two conditions. 
In most of the experiments outlined thus feir in the book, S has 
been tested or measured many times in the two or more conditions 
used in the experiment. Influences of different stimulus conditions 
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have thus been derived from a single S, or at best, a few Ss, In most 
of the experiments to be reported in the remainder of the book, 
the estimated effect of a given condition is obtained by taking a 
single measurement on each of many iSs. The mean performance 
of the group is taken as the best estimate of the influence of the 
condition. Performance imder at least one other condition is 
obtained in a like fashion and the statistical difference between 
the means evaluated for the probability of significance. 

The use of single measurements on many Ss creates several 
important methodological problems, some of which we will con- 
sider in detail at this point. To simplify the exposition, let us 
assume that we wish to find the differences in performance pro- 
duced by two conditions, A and B. There are two general ways 
of approaching the problem: (i) by using a different group of Ss 
for each condition; or (a) by using all 5 s under both conditions. 
At this point we shall consider the two specific methods under 
the first general approach, i.e., cases in which a different group 
of Ss is used in each condition. In a later chapter (X) we shall 
consider specific methods of the second general procedure. 

When a different group of Ss is used for each condition we may 
employ one of two general design schemes : 

Design Method I : Random Groups 
Design Method II : Matched Groups 

Design Method 1: random groups. By this method two sepa- 
rate samples of the population are taken, one group or sample 
serving under Condition A, the other under Condition B. (If there 
are more than two conditions additional samples will be formed, 
of course.) Each group is formed by drawing randomly from a 
single, defined population. Ideally, to accomplish this, we put the 
names of all members of the population into a big bowl, stir them, 
and draw out, say, loo names of Ss to work under Condition A, 
and 100 for Condition B, Usually such a procedure is quite im- 
practical. In practice we would by some means get soo Ss from a 
defined population by a method that at least approximates random 
selection. The aoo Ss would then be divided into two groups on 
a random basis. For example, the first S appearing at the laboratory 
would be put in the A group, the second in the B group, the third 
in A, and so on. 
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The bask assumption of Design Method 1 is that random assignment 
of Ss to groups will result in groups which do not differ significantly on 
any variable effecting the measured response. E runs one group under 
Condition A, the other under Condition B. If a significant 
difference between the mean performance of the two groups is 
found, the difference is said to be produced by differences in 
the A and B conditions. If no significant difference is found, E 
concludes that the two conditions do not differentially influence 
the response. 

No telling argument can be advanced against Design Method I 
if the method of assigning S% to groups is truly random, and if 
the groups are large. Many experiments have been performed 
using this design. Yet, on the logic that other methods do not rest 
on the basic assumption of Design Method I, this method is not 
recommended if it is possible to use another. If we get a significant 
difference between the means when using Design Method I there 
is always the haunting possibility that this difference could be 
due to differences in the groups as such and not to differences 
produced by the experimental conditions. With large groups of 
Ss and truly random selection, the risks of the method are slight, 
but when small groups are formed the risks are too great to 
warrant its use. There are studies reported in which groups were 
formed by random selection and then when both groups were 
measured on the same task significant differences in performance 
were found. The writer has often divided his class into groups by 
random selection of differently colored capsules which ^s drew 
from a box. Occasionally this procedure has resixlted in groups 
which differed in performance on the same task. No one can deny 
that we should get equivalent groups if our selection is random, 
and yet in actually forming small groups it does not always work 
out that way. 

In summary, then, Design Method I is not recommended for 
small groups if it is possible to use one of the other methods. With 
large groups of 5s and random selection, little risk is involved. 

Design Method 11: matched groups. This method has arisen 
largely to avoid the assumption upon which Design Method I is 
based. Rather than assume that random selection will result in 
two groups which are equal on pertinent variables, we know that 
this method assures equality by matching them on a pertinent 
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performance. There are two ways by which the matching can be 
accomplished. 

I. Matched on basis of means and variability, E gives all 5s practice 
on a given task and on the basis of these scores forms two groups 
so that the mean performance, and variability of performance of 
the two groups do not differ significantly. 

3 . Matched pairs. E gives all 5s practice on a given task and on 
the basis of these scores pairs 5s so that the score of one member 
of each pair is the same, or very nearly the same, as the other 
member of the pair. One 5 of each pair is put into one group to 
serve under one condition, the other 5 into another group to serve 
under a different condition. If more than two conditions are to 
be run, more than two 5s will be matched at a time. 

Either of the two methods of forming matched groups is satis- 
factory. To determine significance of difference between means, 
somewhat different statistical methods are used in each case for 
estimating the standard error of the mean difference. The first 
method (matching on means and variability) requires the calcula- 
tion of a coefficient of correlation between performance on the 
matching task and the task used in the experiment. Since the 
cedculation of a coefficient of correlation is somewhat laborious, 
and since the second method does not require it, the second method 
is preferred. 

We need next to consider the nature of the pre-test by which 
we match the groups using either method. We have two kinds of 
pre-tests which have been used as matching tasks. 

I. Different but highly correlated tasks. If we have a task, on which 
the performance scores are highly correlated with scores on the 
task to be used in the experiment, it may be used as a source for 
matching data. The essential requirement is that the two tasks be highly 
correlated. 

Often, the beginning experimentalist will attempt to match 
groups on everything under the sun, including hair color and 
fraternity affiliation. Intelligence tests have probably been much 
overworked as criteria for matching without due consideration 
to the possible low correlation between these tests scores and scores 
on the experimental task. All we need is to be sure that the task 
from which we derive scores for matching is highly correlated 
with the task to be used in the experiment; the precision of 
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matching is directly related to the size of this correlation. No assumption 
concerning a correlation between two tasks should be made. One 
cannot observe the skills required to master the two tasks and 
because die skills required seem to be the same, assume that, they 
are correlated. Too often an empirical determination of the 
correlation will show the relationship to be low. If the correlation 
between performance on the pre-test and performance on the 
experimental test is low, we are no better off than if we had 
selected random groups. 

2. Initial performance on experimental task. It is often convenient 
and feasible to give all Ss a few trials, or a short period of practice 
on the task to be used in the experiment. All iSs get this practice 
under exactly the same conditions and then two groups are formed 
on the basis of these scores. Either matching procedure may be 
used. One group is then tested under Condition A, the other 
under Condition B. The correlation between performance on 
initial trials and experimental trials must, of course, be high to 
gain the precision desired. Since the two sets of scores arc per- 
formance measures on the same task, the correlation is usually 
quite high. For this reason, this method is more elEcient than 
matching on the basis of scores on a different task. 

In certain instances this procedure is used in conjunction with 
Design Method I. Random groups are formed and all groups are 
given initial practice under exactly the same conditions. By die 
scores on this initial practice E can determine whether or not 
the random selection resulted in two groups which do not differ 
significantly on the task to be used under the experimental con- 
ditions. Occasionally in such instances it is discovered that random 
selection has not resulted in equal groups. If such is the case, Ss. 
can be shifted to equalize the groups. 

It is our recommendation, then, that Design Method I be 
rejected if it is possible to use Design Method II. There are certain 
types of experiments which almost require Design Method II; 
hence, it becomes necessary that we have a thorough understand- 
ing of it. We shall later (Chapter X) point out the particular 
kinds of experiments for which the method is almost mandatory.. 
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THE EFFECT OF LABELLING; AN EXERCISE IN 
EXPERIMENTAL DESIGN 

In concluding this chapter we will eveiluate three studies which 
show varying degrees of adhereiice to • scientific procedure as 
defined by Design Methods I and II. As the subject matter we 
shall use studies which have been concerned with the influence of 
labelling on judgmental processes. Several experiments in the 
journals show that labelling a statement or an idea as emanating 
from a person of high repute wiU influence its acceptance by S, 
We shall consider one study which provides an illustration of a 
fairly decisive violation of scientific procedure; one which causes 
hesitation about accepting the results, and finally, one which is 
outstanding for rigor of design. 

Use of the mails and random selection. The first study (52) 
suggests that we should be vei'y cautious concerning the gathering 
of data through the use of the mails. A scale measuring religious 
attitudes was constructed. Initially the scale was mailed to 500 
people of varying faiths. Out of the 500 sent, 213 (less than 50 
per cent) were returned. The scale was sent out again to the 213 
respondents, but three different conditions were imposed, each 
condition being given to approximately a third of the total. The 
conditions were as follows : 

a. Expert opinion labelling; Respondents were shown how 20 clergymen 
had marked the attitude scale. 

b. Majority opinion labelling: Respondents were shown how, on the 
average, the 213 people had marked the scale. 

e. Control (no labelling) : Merdy a re-administration of the scale. 

Out of the 213 scales sent out on this second nm, 92 were 
returned, but only 65 were marked so that they could be used in 
the final analysis. The report does not indicate the exact number 
of cases in each of the three groups, saying only that they were 
about equally represented. We may presume, therefore, that 
there were about 20 cases in each. The results show that the expert 
opinion and the majority opinion conditions brought shifts in 
the attitudes which were greater than the shifts shown in the 
control group. 

It seems clear, however, that such a study is inconclusive 
because of the high rate of loss of questionnaires. For all we can 
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tell, the people who did not return, their questionnaires might 
have shown attitude shifts in the other direction had th^ filed 
out the scale. The fact that certain people did return the scales 
and other people did not indicates the presence of two popula- 
tions which differ on at least one factor, namely, willingness to 
codperate by returning the questionnaires. These populations may 
well differ in their reactions to the experimental variables, but this 
study provides no way of knowing whether this is true or not. 
Thus, there is no proof that the three groups, totalling 65 people, 
are representative of the original 500, nor that the three groups 
as such are representative of the same population. One cannot 
justifiably make comparisons between groups obtained by such 
methods. No bias as a result of labelling can be said to have been 
demonstrated as a consequence of the procedure used. 

The use of random groups. In this experiment (25) E gave 
four different sections of elementary psychology students two 
passages to read and evaluate. One of these passages might be 
described as very radical in nature, the other strongly democratic. 
Naming the attitude of the passages isn’t important for our purposes 
since almost all the students indicated that the democratic passage 
represented their point of view. The four sections of students were 
treated as follows : 

Section i. Read both passages and indicated which represented their 
point of view. No source for the statement was given the ^s by E. 

Section 2. Same procedure as Section i, but at the head of the first 
statement this phrase appeared: “Statement A is & fascist statement.” 
Before Statement B, this phrase appeared: "Statement B is a Communist 
statement.” 

Section 3. Same as Section i . 

Section 4. Same procedure but Statement A was headed by: “State- 
ment A is a Reactionary statement.” Statement B was headed by: "State- 
ment B is a Liberal statement.” 

After indicating which passage represented his point of view, 
S was to indicate how fully he agreed with the point of view. 
This was done on a 5-point scale. Thus, if S agreed with State- 
ment B, a rating of zero would indicate bare acceptance; i would 
indicate somewhat more agreement, and so on, so that 5 would 
mean he fuUy agreed with the passage. As indicated previously, 
nearly 100 per cent of all Ss agreed with Statement B despite the 
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derogatory labels which were attached to it in the case of some 
of the sections. Differences arise, however, in the mean ratings 
of agreement in the different sections. The mean scale values of 
the ratings for each group were as follows: 

Section 1 : 4.0 Section 3: 4.0 

Section 3: 3.6 Section 4: 4.3 

We may note that the two control sections — the non-labelled 
groups, Sections 1 and 3, received identical mean values. The 
difference between the mean ratings of Section a (3.6) and Sec- 
tion 4 (4.3) is statistically very significant. This suggests that the 
derogatory label given Statement B for Section a, while not ’ 
necessarily prohibiting acceptance of the statement, did decrease 
the average ratings which indicated how much iSs agreed with it. 
On the other hand, the allegedly laudatory label of “liberal” given 
Statement B for Section 4 enhanced the degree with which & 
agreed. 

We might conclude that while labelling in this instance does not 
change the basic opinions of the 58 , it does decrease or increase 
the intensity of the opinion. Now, this is very likely the case, 
but can we, from this experiment, really conclude that? Do we 
know that the basic political “mean” and “variability” of Sec- 
tions 2 and 4 were the same at the start? The answer, of course, 
is m. The obvious equality of Sections i and 3 does not thereby 
indicate that Sections 2 and 4 were equivalent at the beginning. 
Both groups had a relatively large number of 5 s in them, 73 and 
60 respectively, and the groups were presumed to have been 
formed by random selection (Design Method I). However, it is 
noted that the standard deviation of the distribution of ratings 
for Section 4 is .68 whereas that for Section 2 is 1.3. Is this dif- 
ference in scatter and the difference in the means a fimetion of 
the experimental variable, i.e., the differences in labelling, or are 
they characteristics of the graups as such at the beginning? There 
is no way of telling from the data. We cannot, then, be com- 
pletely sure that the difference obtained is a function of the variable 
introduced or of the groups before the introduction of the variable. 
We are likely to accept the first alternative, but if we are rigorous 
in our thinking, we will deny that we have clear-cut evidence for 
such a conclusion. 
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What was needed in the experiment above was some way of 
getting an indication of political beliefs before the experiment 
began. The ascertained amount of change (if any) would be 
demonstrated to be the result of the experimental procedure. It 
may not be an easy job to apply this experimental principle in 
some cases, but it is absolutely necessary if the claimed results 
are to be accepted without reservations. 

Contrast the two above studies with the one to follow as regards 
the rigorousness of controls. 

The use of matched: groups. If certain statements, some 
labelled “rumor” and others labelled “facts,” are given to who 
have no reason to suspect the truth of the labels, there should be 
differences in their willingness to accept the statements. If this 
is true, we can at once see how frequently bias may develop in 
our culture and how our judgmental processes may be swayed. 
A carefully done experiment by Smith (359) wiU indicate the 
influence of such biases in one restricted area. 

Initially, Smith collected too statements about Russia, half of 
them supposedly favorable toward Russia, the other half unfavor- 
able. Through a series of filterings afl items were finally retained, 
13 pro-Russian and 13 anti-Russian according to the opinions of 
several groups of judges. This final set of statements was believed 
to be plausible enough to pennit college students to accept them 
as facts, but really there was little if any reason to believe that 
they were true. In essence, the statements were “fictitious facts.” 
These 36 statements were randomized and mimeographed in three 
forms. One form bore explicit statement that all items were aetual 
facts and had been verified as such by E. A second form carried 
the notation to the effect that these statements were mvtrifiei 
rumors, and that E had been imablc to find facts to support them. 
The third fonn, used as a control, did not label the statements in 
any way. 

The three forms were handed out at random, one each to a 
large group of elementary psychology students and each of these 
Ss, regardless of the form he had, was to mark on a 4-point scale 
his degree of belief in each statement, A zero weight was given to 
the scoring if 5 checked (for a given statement) the phrase: “I 
do not believe the item to be true at ah”; i point was given if S 
checked the phrase, "I wonder whether it could be true”; a 
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points were given, if S checked, “I believe it to be partly true; 
there may be something in it,” and 3 points were given if S checked, 
“I believe the item to be true.” S, of course, checked only one of 
the four alternatives for each statement. 

In addition to checking the statements, 5 filled out an attitude 
scale which gave an index of his attitude toward Soviet Russia. 
This scale had been constructed previously, it had been stand- 
ardized, and in an indirect fashion, validated (357, 358). Smith 
was thus able to equate his groups on the basis of their attitudes 
toward Russia, the most pertinent variable on which they could 
be equated for studying the influence of labelling on the state- 
ments about Russia. From the results of the attitude scale, three 
different attitude groups were picked, those pro-Russian, those 
neutral, and those anti-Russian. Each group had 90 iS's, 30 having 
been given the rumor-labelled form, 30 the fact-labelled, and 30 


the no-label form. The summary of the nine groups, 30 to a group, 
is as follows: 

Attitude 

Ftut Label 

M Label 

Rumor Label 

Pro-Russian 

30 

30 

30 

Neutral 

30 

30 

30 

Anti-Russian 

30 

30 

30 


This design, in effect, yields two experimental variables: (1) the 
individual’s attitude toward Russia; and {2) the type of label on 
the 26 factual statements about Russia. Each of these dimensions 
is sampled at 3 points. E’b basic working rule is that he should 
control all variables except one, and that one he varies. In terms 
of this rule, Smith has done three experiments, not individually, 
but at one time. The three experiments, each exploring a single 
dimension, are represented by any row or column. Thus, one 
experiment holds attitude constant, say, pro-Russian, and varies 
the labelling in three ways, and so forth. 

Smith scored the anti-Soviet statements and the pro-Soviet 
statements separately so that the maximum score for S on the 
total of 13 statements in each section would be 39, If for each 
statement 5 checked the phrase, "I believe the item to be true,” 
he would get 3 times 13 or a score of 39. The mean scores for the 
30 5 s in each of the nine groups for the anti- and pro-Russian 
statements are shown in Table 13. The separate scoring of the 
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anti- and pro- statements actually makes a third variable in the 
experiment, but with only two points of the dimension sampled. 


TABLE 13 

Effect of Labelliko on Acceptance of Statements About Soviet 

Russia 



Fact Label 

No Label 

Rumor Label 

Attitude 

Pro 

Anti 

Pro 

Anti 

Pro 

Anti 

Pro-Soviet 

26.23 

17.13 

19.37 

HI 

mm 


Neutral 

21.60 


17.07 




Anti-Soviet 

16.60 


14.80 

in 




Data from Smith (339). 


From the table we can see that, in all cases, S is more credulous 
towards the statements labelled fectual. There are no reversals 
to this tendency. Differences in acceptance or rejectance of the 
statements are also evident as a function of 5’s attitude toward 
Russia. The more favorable the attitude toward Russia the more 
likely S is to indicate belief in the statements which are favorable 
toward Russia and the less likely he is to indicate belief in the 
statements which are anti-Russian. Again, there are no exceptions 
to these trends. This experiment should be studied carefully, 
' since it is an exceptionally fine illustration of careful dimensional 
analysis. And, the results show once again that conditions bias 
our responses, even though the experiment shows nothing about 
the origin of the biases. 

GONCiLUDING CONSIDERATIONS 

In this chapter we have examined experunerrts which demon- 
strated how (i) learning may influence simple and complex 
discriminal processes; (a) motivation may influence these same 
processes, and ( 3 ) other unanalyzed biases produce deviations 
in the discriminal processes. In part, the intent of this chapter 
has been to make you leanting and motivation “conscious,” for 
a great deal of the remainder of this book will be spent on the 
discussion of the experimental manipulations which cause these 
two basic behavioral determinants to vary in influence. It has also 
been the purpose of this chapter to make you aware of the fact 
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that a mere correlation of the physical stimulus dimension with 
the response dimension does not provide a complete picture of 
the causal factoi'S in behavior. Even with the most simple sensory 
processes, subtle internal variables may be influential. 

Our discussion of methodological problems in this chapter has 
centered around two basic Design Methods, I and II. These arc 
two of the four basic methods which may be used in designing 
experiments. We shall have many occasions to refer to these 
methods by number, so the basic idea of each should be thoroughly 
assimilated. 



CHAPTER VI 


Motivation 


INTRODUCTION 

With this topic we continue to trace the sequence of events 
represented in Fig. 3, Chapter I. All areas of study represented 
in Fig. 3 from motivation onward are so closely related, their 
underlying processes so interdependent, that it has already been 
difficult to coimder any one of them without reference to the 
others. Motivation and learning, for example, dovetail with each 
other so firmly that we have a difficult time separating them even 
on a verbal level. 

The fundamental observation made concerning organisms is 
that they perform acts with respect to objects and events (real or 
symbolic) in their environment. A man boards a street car; a 
lady powders her nose; a gambler glares at the dice; a student 
registers for a course; a boy solves an algebraic equation; a rat 
builds a nest. Two basic facts are illustrated by these observations; 
(i) the organism is stimulated in some manner to do these things, 
and (a) it has the skills or abilities with which to do them. The 
first is a problem of motivation and the second is a problem of 
learning. Yet it is never as simple as that. For example, where 
did the motivation to powder the nose originate? It is absurd to 
work on the premise that a lady is born with an inherent tend- 
ency to powder her nose. Where did the motivation to solve an 
algebraic equation arise? Arc we bom with some slowly maturing 
desire to solve equations? It seems likely that the motive to powder 
the nose and the motive to solve equations have been almost en- 
tirely learned in the same sense that the movements needed to 
powder the nose and the symbolic skill needed to solve equations 
have been learned. But if we assume, as we shall, that motivation 
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is necessary for learning to take place, we have a problem in 
determining how the motivation arose which allowed the acqui- 
sition of a motive to powder the nose. This really isn’t double 
talk. The two processes, motivation and learning, turn upon each 
other; they are dependent upon each other if the organism is to 
maintain itself in the environment. We are going to separate the 
two for study ptmposes only. 

DEFINITIONAL PROBLEMS 

Motivation as a construct. The term motivation (or motive) is 
a logical scientific construct. * By this we mean that in its ordinary 
sense it is not an entity, object, or thing such as a living cell, an 
eye, or a piece of coal. It has no immediate sensory referent. It 
is an hypothetical process or state of the organism, the operation 
of which we infer from observations of the behavior of the 
organism. Threshold is a construct, though in our previous usage 
of the term we did not indicate specifically that it was. Motiva- 
tion is a concept like ihresholdt like gravity, or like intelligence. You 
have never seen a threshold. Nor have you ever seen any gravity 
or intelligence. The term intelligence is used to refer to a certain 
dimension of behavior manifested in different amoimts by different 
people as measured by tlie number of items which are correctly 
answered on a test called an intelligence test. In the same manner, 
we manipulate a certain class of experimental (stimulus) variables, 
observe a difference in the responses as a consequence, and infer 
that we have produced changes in what is called the motivation 
of the organism. We must, of course, specify the natme of the 
responses we are to observe as well as the chtiracteristics of the 
class of stimulus variables which are manipulated. When this is 
done we have anchored our construct to both the stimulus and 
response variables. 

Response dimensions related to changes in motivation. 

We have said tliat to use motivation as a scientific concept we must 
specify the nature of the response changes which are associated 
with motivational changes. We have two response dimensions 
from which we infer changes in motivation: (i) changes in per- 
formance; and (2) changes in muscular tension or energy output. 

* For our purposes, concept and construct may be lued interchangeably. 
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The most common behavior from which we infer changes in 
motivation is a change in performance on standardized tasks. If 
learning speed is increased we may suspect the motivation has 
increased; if work output goes up we may suspect that motivation 
has increased; if output goes down, or if learning is retarded, we 
may suspect that there has been a decrease in motivation. Note 
that we may suspect that these response changes are a function 
of motivation. Change in performance is an unreliable criterion for 
inferring changes in motiuation, because we may observe changes 
in performance which are due to stimulus variables not in the 
class of motivational variables. For example, distributed practice 
(allowing rest periods) will usually enhance the speed of learning 
(change in performance), but little credence is given the idea 
that this is exclusively a function of change in motivation. In 
short, whether or not change in performance is to signify a change in 
motivation depends upon the particular class of stimulus variables being 
manipulated. The latter part of this chapter will be devoted to out- 
lining these variables which are believed to be associated with 
changes in motivation. 

The most meaningful response change from which we infer 
motivation is the amount of energy output or muscular tension 
exhibited by the organism. This index of change in motivation 
is used less frequently than the first, largely because of difiiculties 
attending its quantification. Yet, change in activity level is the 
basic observation associated with motivational changes. The 
strongly motivated individual is muscularly active or at least 
muscularly tense; the weakly motivated individual shows signs 
of ennui, boredom, laziness, or lethargy. When you make an 
observation that an individual is highly motivated, you usually 
do it on the basis of the activity level of that individual. 

Within certain limits, the two response changes indicating 
changes in motivation are correlated, but there is not a one to 
one relationship. If these two measures were perfectly correlated 
there would be no need for using both. We would work with the 
one which was least difficult to use in the experimental situation. 
The fact that they are not perfectly correlated raises some rather 
difficult problems. How can both performance change and energy 
change be used as measures of the same process when they 
are not perfectly correlated? Let us take an illustration. If we 
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announce to an assembly worker that we will give a bonus for 
every unit produced beyond a certain fixed quantity, and if 
his production increases following the announcement, we assume 
that there has been an increase in motivation. We may, at the 
■^same time, get indices of increased energy being expended as 
the production goes up. But, suppose there is an increase in 
energy output and not a corresponding increase in performance? 
Or, suppose there is an actual inhibition (decrement) of per- 
formance accompanying the increased energy output? Are we 
to say that motivation has increased in spite of the fact that 
performance decreased? We wovdd have, in such instances, two 
independent measures of motivation which are not perfectly cor- 
related. Which one is the measure of motivation? Neither, of 
course. We cannot speak of the measure of motivation when two 
measures have been used which are not perfectly correlated in the 
experimental situation. 

It is our belief that we should reserve the term motivation for 
changes in energy output. There are two reasons for this: (i) it 
would give a clear-cut differentiation between changes in per- 
formance due to variables associated with learning and those 
associated with motivation; and (2) there would be less confusion 
than is the case when two poorly correlated response measures 
are used to infer the same process. However, it is impractical at 
present to adopt such a criterion for inferring motivation. Many 
of the data pertaining to motivational chsinges which are available 
are based on performance changes. Furthermore, there are many 
situations in which it is almost impossible to measure the changes 
in energy level. For the present, then, we cannot use energy 
changes as the sole index of motivation: we must also use the 
changes in performance and at the same time recognize that the 
two are not perfectly correlated. 

Why use the term ? If you examine the above situation, you 
might infer that it would not change the nature of the empirical 
facts obtained by experimentation if wc completely eliminated 
the term motivation. For example, when we discover by sound 
experimental procedure that output goes up as a bonus is given, 
that stands as a scientific relationship. Why go any further ? Why 
say that increased output indicates increased motivation? The 
reason for the use of the term is a scientifically practical one. 
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Without such a term we have a mass of unrelated facts on our 
hands. However, if we find that a considerable number of experi- 
mental operations will produce a change in performance (or 
energy output), and if it appears that these stimulus changes are 
all affecting the same basic process, then our knowledge is inte- 
grated by the use of a single term for that process. In this case the 
term is motivation. 

Constructs such as this allow for more generalized forms of 
explanation. Explaining observed phenomena on the basis of the 
immediate change in the stimulus variable, is, as we indicated in 
Chapter I, a low level form of explanation. Such a procedure 
does not allow for generalized explanatory concepts. Each fact 
in and of itself would have to be explained by the change in the 
stimulus conditions. When, however, there is believed to be 
communality in the processes produced by those stimulus changes, 
our explanation becomes more generalized by referring to those 
processes with a single term. Without such a generalized concept 
it would be impossible logically to predict behavior in a new 
situation. We could only state that such and such had happened 
under such and such highly particular circumstances. Fortunately 
the scientists isn’t content with the level of particulars. He reaches 
out for the general concept, the inclusive formula, the law. So 
when there is a common basis in experimental manipulations of 
stimulus variables, and when these manipulations produce similar 
changes in response, the use of a construct permits explanation at 
a more general level than does reference to each of the operations 
individually. 

On the conceptued level we may think of motivation as a state 
which energizes the organism. This state is in turn produced 
and varied by manipulation of environmental conditions by E. 
In animal studies we can give, in most cases, a precise quantita- 
tive definition of motivation in terms of the number of hours of 
privation of food, water, mate, and so forth. Such operational 
definitions are not easily formulated for human Ss, In human adult 
experiments our definition hinges on the instructions we give S. 
In these instructions we may indicate rewards and punishments 
which S may get, or we may try to vary certain aspects of motiva- 
tion in terms of instructions alone, without threat of punishment 
or enticement of reward. 
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Strictly speaking, we shall have an operational definition of 
motivation for each experiment, but we shall find that most of 
them can be classified under a few general headings. The classes 
of operations used to produce and measure changes in perform- 
ance and changes in energy output must remain our operational 
definition of motivation. 

Terminology troubles. The study of motivation is complicated 
by the multiplicity of terms which have been used by various 
writers in referring to what seems to be the same aspect of be- 
havior. There have been instincts, drives, wants, needs, propen- 
sities, appetites, interests, aversions, desires, values, sets, attitudes, 
valences, forces, and others. All of these terms refer to certain 
facets of motivation. In most cases each author has defined his 
own terms for his own writing (which is proper and necessary), 
but students have had to suffer from a multiplicity of both con- 
cepts and vocabularies. We shall limit the number of concepts as 
much as possible. 


PRIMARY AND DERIVED MOTIVES 

Primary motives. There are certain primary conditions which 
arouse behavior. Among these are conditions which give rise to 
thirst, hunger, fatigue, sexual needs, and pain avoidance. It is 
these primary motives which are employed almost exclusively in 
the animal laboratory. The strength of these motives may be 
defined in terms of hours of privation in the case of hunger, thirst, 
and sex and in terms of hours without rest, for fatigue. Pain 
avoidance is very difiicult to manipulate quantitatively. 

While we recognize similar basic motivating conditions in 
human beings, we have not found it possible, in general, to vary 
them in experiments with human subjects. In laboratory experi- 
ments, the use of electric shock seems to be the only major method 
of arousing primary motives in humans, and there is even some 
question as to whether its influence is a direct result of sheer 
pain. We do not deprive an adult of food for 24 hours and 
then offer a filet mignon if he performs a given task at a certain 
speed, although such a procedure might well be worth trying. 
The fact is that experiments on motivation with human adults 
aim at the study of what we choose to call derived motives. 
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Derived motives. These motives are so named because unlike 
primary motives they are believed to be largely learned. These 
motives have been variously named, have varied greatly in number 
(in part because of different descriptive dimensions used), and 
are still subject to considerable controversy, largely because the 
operations which evoke them are quite obscure. We may point 
out some of the descriptive terms which have been used to identify 
these complex motives; motive, to preserve self-esteem, to gain 
prestige, to dominate others, to be gregarious, to achieve one’s 
deepest ambitions, or, for that matter, the motive to see a ball 
game. There is nothing sacred about any such list. For the present 
we need to emphasize only that there are complex motives which 
rather completely prompt adult behavior, 

DEVELOPMENT OF MOTIVE-INCENTIVE 
RELATIONSHIPS 

In dealing with motivation we arc concerned primarily with its 
influence on performance phenomena associated with learning. 
We ask the question: “What rfiles does motivation play in learn- 
ing?” In answering this question we shall try to avoid certain 
problems which are controversisil in nature and delay treatment 
of the difficult questions until we have finished the study of learn- 
ing later in the book. In the current chapter we will outline events 
and interrelationships which we think can be accepted with least 
hesitation. 

Following Melton (254), we may recognize three basic r6les 
which motivation plays in the learning process: (i) the energizing 
r6le, (2) the directing r6le, and (3) the emphasizing or selecting 
r6lc. 

The Energizing Role 

As suggested in Fig. 3, Chapter I, the motivated organism, 
when faced with a problem situation — a situation in which a 
“correct” response is not immediately available — ^will show variable 
behavior. The amount of variable behavior or general activity 
is a direct index of the strength of motivation. If the situation 
is one in which the organism must discover the correct response, 
it is obvious that the greater the number of responses tried, the 
greater the probabilities of hitting upon the correct response. 



MOTIVATION 


163 

It would appear, then, that increased energy level may be an 
important factor in learning just because of the increased likeli- 
hood that the correct response will be found. We shall not consider 
the relationship between energy level and speed of learning at this 
point; rather, we shall examine the methods which have been used 
to relate changes in energy output to certain changes in the stimulus 
conditions. 

Animals. The procedure for animal studies is straightforward — 
deprive an animal of food or water for varying amounts of time 
and measure the changes in activity. A rotating circular cage 
mounted on an horizontal axle is one device used to measure activity 
level. A counter is attached to the axle so that the number of 
revolutions of the cage can be obtained for any desired unit of 
time. In the cage, as in a treadmill, the animal may run a great 
distance without getting anywhere. , 

Another device is the spring or tambour-mounted cage. Tsimbours 
are air tubes with a mouth covered with rubber sheeting. The 
tubes, joining together from the four legs of the cage, lead to 
sensitive markers. These markers write on a kymograph, a slowly 
rotating drum covered with waxed or smoked paper. The rat 
(or other animal), when active, bounces the cage on the tambours, 
thus changing the air pressure which in turn activates the markers 
which record the animal’s activity. 

Still another mechanism is the tilting cage, in which slight tilts 
of the cage (produced by movements of the animal) activate a 
mechanical or electrical counter {3a). 

With such devices it has been shown that in general the activity 
level is related directly to the hours of deprivation of food, water, or 
mate, these being the three conditions usually studied. Concerning 
the sex motive, it has been shown that tlie activity of a female 
rat is at a maximum every four or five days, (the oestrous cycle), 
at which time the rat actively seeks a mate (398). Concerning 
hunger, it is known that the greatest activity of a rat occurs just 
before eating and the least just after eating (31 1). If a rat is 
deprived of food for several days there is an increase in the amount 
of activity up to about 96 hours, after which time a gradual 
reduction (because of weakening) takes place (424). These results 
are enough to illustrate the point; within limits, as hours of 
deprivation increase the energy output increases, and we say that 
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this reflects an increase in motivation. The amount of activity is, 
of course, influenced by many factors such as age, heredity, 
nutritional balance, and drugs (305). 

Humans. It is not practical to study human subjects in activity 
cages, though this technique has been used for other purposes in 
the case of newborn infants (180). Instead, we must infer from 
certain findings that the activity level of humans is associated 
with certeiin deprivations or xmsatisfied states. Our inference 
relates instructions to perform to changes in energy output. We do 
not deprive the person of food and measure activity level; rather, 
we instruct him to learn a task and then measure the difference 
in tension or energy output before learning (comparative rest) and 
during learning. 

The methods that have been used to measure tension differ- 
ences between learning and rest have varied, and cannot be said 
to be highly correlated, Stroud (369) constructed a hand stylus 
so that it wotold measure air pressure changes produced by the 
grip of the hand. The stylus was a pencil-like cylinder used to 
trace the indented path of a maze. Differences in the pressure 
throughout the stages of learning, or as between one S and another, 
were measured directly. 

I^flex responses, such as the knee jerk, may be used as indices of 
tension. A positive relationship has been demonstrated between 
the amplitude of the knee jerk and the amount of tension exerted 
on a hand dynamometer (a device for recording grip strength) so 
that the amplitude of the knee jerk at various times during learn- 
ing would be indicative of tension chEuiges (68). The reflex eyelid 
response (blinking) has been suggested as a measure of tension, 
with the suggested relationship being: the greater the number 
of blinks per unit of time the greater the tension. However, results 
are somewhat contradictory concerning this measure. There is 
some indication that heart rate is a possible index of tension (27) 
as is respiration rate also (375), but confirming evidence is 
needed. 

The galvanic skin response, with which we are already familiar, 
has also been used as a measure of tension. It can be shown that 
the resistance of the skin is inversely related to the amount of 
tension, but the possibility that factors other than tension may 
bring about the same change in resistance has also been pointed 
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out. Consequently, we cannot accept without qualification the 
relationship of the resistance of the skin to tension level (78) . 

Probably the most satisfactory measure of tension is obtained 
by direct measurements of electrical changes in the muscles, i.e., 
the action potentials which result firom contraction of the muscle 
fibers. With the great improvements which have been made in 
amplifying minute electrical changes, this method is probably less 
ambiguous than any of the others. However, it is not as yet 
adaptable to certain tasks where considerable overt movement 
is involved. 

Each of the above is presumed to be an index of activity re- 
flecting different energy levels. Since the correlations between 
the different methods are not perfect, we actually have as many 
difierent measures of energy or tension level as we do methods of 
measurement. These discrepancies may disappear with further 
research and standardized recording devices. (More detailed 
accounts of various methods used in measuring tension may be 
found in Davis, 78.) 

With regard to the energy output changes during learning, we 
can make no general statements. Almost all combinations of 
increases and decreases have been found by various investigators, 
using various tasks and various methods of measurements. The 
most common finding has been high initial tension followed by a 
gradual decrease as learning progressed. Without exception, 
however, tension is greater during learning than it is during com- 
parative rest. We infer that these changes indicate a state of 
increased motivation brought on by the attempt to comply with 
the instructions to learn or to perform a given task. 

No E has yet made a serious attempt to dimensionalize tension 
by using judges. It is quite possible that scaling methods would 
result in reliable measurement, and that certain characteristics 
of behavior would be found to vary concomitantly with changes 
in tension as measured by mechanical devices. Most of our per- 
sonal estimates of amount of motivaiion are inferred from such 
characteristics. Any instructor who has observed his students 
while taking examinations can name several responses which 
seem to increase in frequency and intensity; these responses are 
such characteristics as the flexing of the ankle of the crossed 
leg, finger chewing, and general exaggeration of tics or twitches 
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of one kind or another. There seems to be no reason why such 
behavior could not be quantified by judges rating S as he is put 
through a sequence of experimental conditions. 

The Directing Role 

Incentives. We seldom deal with organisms which are just plain 
motivated, without being motivated toward something. When an 
organism is motivated or energized, its behavior has directive 
aspects. A hungry rat is active until food is found and the search- 
ing behavior is likely to be dii-ected toward places where food 
had been found previously. A student, thirsting for knowledge, 
is almost certain to go to the library and not to the fraternity 
house. Because of our past experience, we go to restaurants rather 
than filling stations when we are hungry. The general principle 
seems to be that we tend, when motivated, to make responses 
toward a goal which iii the past has eliminated or reduced the 
strength of the motivational state. Learning has established a 
relationship between the motivating state and the goal-objects 
which reduce that motivational state. Thus, certain objects (real 
or symbolic), or classes of objects or states, are perceived as being 
satisfying to a given motivational condition. Such goal objects 
are called incentioes. In studying the influence of motivation on 
performance we must usually include an incentive as part of the 
motivation complex. 

In the case of animals the motive and the incentive are fairly 
clear-cut. A rat is deprived of food for a period of time and 
the food is placed at the end of a maze as an incentive. In the 
case of human 5s the incentives of laboratory experiments are 
as obscure as the motives. What, fijr example, is the motive- 
incentive relationship when a student volunteers to serve in an 
experiment? All we can say is that the student has agreed to 
cooperate. What is the incentive? What is it that the student 
“gets out of the experiment” which brings about satisfaction in 
the sense that food reduces the motivation of a hungry rat? If 
he has a motive to cooperate, then cooperation is the satisfying 
incentive. This, however, is just so much naming, and scientifically 
is quite unsatisfying. Because of this unsatisfying state of affairs, 
psychologists are motivated to know more about these problems. 
We might, of course, ask 5 what the motive was that prompted 
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him to volunteer for the experiment, and we might ask him what 
provides the source of satisfaction, if the latter is apparent. How- 
ever, clinical psychologiats and psychiatrists have taught us to 
be skeptical of the reasons people give us for their behavior, since 
their underlying motives may be unconscious or unreported. 

The facts of the case are that we know very little about the 
motive-incentive relationships in Sa upon whom the overwhelm- 
ing proportion of our data has been collected. This will come out 
more clearly when we start to examine in detail the conditions 
which Ea have manipulated in an attempt to vary motivation. In 
most human experiments the directive function is supplied in part 
by the instructions to S along with the past experience of S' with 
similar problems. 

Illustrations of incentives considered thus far have all been 
positive in nature. In everyday life, as well as in the laboratory, 
learning is thought to be influenced by the' administration of 
punishment or negative incentives. It is an “If-you-don’t-do-this- 
you-will-get-this” type of situation. Electric shock has been used 
most often in the laboratory as a form of negative incentive. The 
influence of shock, as well as other negative incentives, may be 
both directive and energizing in function. 

With human Sa especially, there arc many instances in which 
an incentive itself appears to have the power to energize as well 
as direct behavior. Most of our complex psychological motives 
appear to be long-term in nature and arc relatively non-cyclical as 
is the case with hunger or thirst Let us assume that S has a long- 
term motive to make money. He is sitting, relaxed in an arm-chair 
listening to the radio, when a friend enters the room and offers 
him ten dollars if he will write a term paper for him. With the 
exhibition of the ten dollars, 5’s behavior changes markedly. He 
is now highly energized or activated to start work. It is as if^e 
presentation of the ten dollar incentive “set off” or tapped a 
motive; or, it is as if a motive were “waiting around” for an in- 
centive. It appears that the receipt of money has served to satisfy 
a motive in the past, a motive wWch we have probably 
by calling it a motive to make money. Therefore the incentive is 
now perceived as being potentially satisfying to the motive which 
must have been present in some sort of latent and long-lasting 
form. Thus, incentives may not only provide the basb for the 
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acquisition of direction to motivated behavior, but may “set off” 
motives also. 

■What about the evidence for the directive function of motiva- 
tion as it affects learning? We shall consider only animal data at 
this point since the directive fimction in the case of humans will 
be considered later in the chapter under the special topic of set. 

E^qperimental demonstration of the directive nature of 
motivation. Animal experimentation is somewhat more difficult 
than it might seem at first. One doesn’t just drop a rat in a maze 
and record the time it tabes the rat to reach the food at the end of 
the maze. Many preliminary steps and controls are necessary. We 
shall follow a study through in some detail in order to understand 
some of the problems faced by the animal psychologist. 



Pia. s6. Simple T-maze. This particular floor plan was used by Kendler 
(jgs). SB indicates starting box; Di, Da, etc., doors; Ci and Ca curtains, and 
GBi and GBa, goal boxes. 

An experiment by Kendler (193) was designed to investigate 
the directive function of physiologically motivating stimuli. Rats 
were trained in a simple T-maze as shown in Fig. 26, under two 
motivating conditions, hunger and thirst, each defined by hours 
of deprivation. During training, food was found at one end of the 
T, water at the other. On test trials the rats were made either 
hungry or thirsty, one or the other of the motive conditions having 
been satiated. The question is whether or not the rat, after training 
under both motivating conditions, will go to the appropriate end 
of the T when either hungry or thirsty, e.g., if thirsty, will he 
go to the end where he has previously found water? 

Preliminary training of naive rats usually involves two steps. 
First, the rats must become adjusted to being handled. Kendler 
did this by handling each of his 20 rats for several minutes each 
day for a week. The second step involves adjustment to the 
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apparatus. In this experiment, two days were allowed for the 
second objective. On the first day the rats explored the maze 
for an hour. None of the doors was closed and neither food nor 
water was available in the food boxes. On the second day, E gave 
each rat two trial runs by placing the animal in the starting box 
and, as the rat moved down the alley, closing the doors behind 
him to prevent retracing. 

Rats may have biases for making left or right turns. Kendler 
recorded the turns made by each rat on the preliminary trials 
and discarded any rat which consistently made the same turn at 
the junction. Moreover, during the regular training series, E 
forced half the rats to go to the left for food and to the right for 
water, and reversed the positions of the incentives for the other 
half. 

AH rats were under 21 -hour deprivation at the time of the 
training series, and were believed to have been satiated nearly 
equally on water and food before the 21 -hour period started. 

The training series consisted of four trials daily for seven days. The 
initial run of each day was a free choice, the second was a forced trial 
to the side opposite that chosen on trial one, the third was a free choice, 
while the fourth was a forced run to the side opposite that chosen on 
trial three. Thus, the animals had equal experience with the contents of 
both goal boxes. Forced runs were accomplished by lowering Door Three 
or Door Four (193, p. 215). 

Test trials consisted of four runs, each run being given on a 
different day. 

On the first and fourth days of the test series the Ss were motivated 
for one goal object (food or water), while on the second and third day 
they were motivated for the other goal object. This abba order was utilized 
to avoid any possibility of building up an alternation pattern of remanding 
on successive teat trials. 

Since many animals had acquired preferences for one of the two alter- 
native sides, the last four free choices on the sixth and seventh days of 
training were noted, and half the animals were motivated, on the first 
test trial, against the side for which they had a preference, while for the 
other half the opposite was true. Thus, on any one test trial the preference 
factor was approximately equated (193, p. 215). 

On the four test trials the rats chose the appropriate alley 
98 per cent of the time when motivated for water, and 73 per 
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ceat of the time when motivated for food. The two groups com- 
bined gave 85 per cent correct choice. Chance would be 50 per 
cent. It is clear from these results that the animal’s behavior 
is directed on the basis of internal motivating stimuli. It is pre- 
sumed that this directive function is acquired as a consequence of 
the learning trials, where the rats were rewarded by incentives 
appropriate to only one of the two motivating conditions present 
at the time. 

The directive function of motivating stimuli may be inferred 
from certain other animal data. Rats prefer bran mash to sun- 
flower seed as a reward or incentive. Elliott (88) gave bran mash 
as a reward while rats were learning a maze until the tenth trial, 
at which time he substituted sunflower seed. On the eleventh 
trial the number of errors made in nmning the maze greatly 
increased. It was as if the rats were running to a specific incentive 
and the change in the incentive disrupted their performance. , 

The Emphasizing or Selecting Role 

We have seen that following the awarding of incentives for 
^performing a certain task, the behavior sequence preceding the 
reward tends to be strengthened — Gleaming has taken place. When 
given precise statement this is known as the law of effect, which 
we shall accept as established for the present. The principle assumes 
that reduction in motivation, through interaction with an incentive 
appropriate to the motivating condition, tends to strengthen or 
select the responses which brought about this state of affairs. 
Indeed, the emphasizing or selective function of motivation 
develops the directive function, since it is only by such strengthen- 
ing of responses that the organism’s behavior shows less variability 
and greater eflBciency as successive trials are given. Furthermore, 
it can be seen, the receipt of an incentive which reduces the 
motivating condition must necessarily affect the energy level of 
the organism, within certain limits. Thus, all three rdles are closely 
intertwined. 

Symbolic incentive or reward. We have said that the incentive 
or reward received at the end of a behavior sequence will tend to 
strengthen or reinforce that sequence. If a rat is allowed to eat 
food in the goal box at the end of the maze after each run, the 
number of errors made, and the time required to run the maze, 
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are gradually reduced. Now let us inquire into the situations in 
which incentives are symbolic in nature, i.e., when they do not 
have direct reinforcing power as such. For example, how does 
it happen that money is avidly received as an incentive? We can’t 
eat money, we can’t drink money — it has no power to satisfy 
primary motives directly. If we assume, as most psychologists 
do, that our derived motives are built on primary motives as a 
consequence of learning, any information we can get concerning 
the origin of derived motives and the incentives which touch 
them off and satisfy them, will add to our knowledge of the 
motivation of human adults. We shall examine several animal 
studies to show a few basic mechanisms by the operation of which 
it is probable that our complex motive-incentive conditions are 
derived. 

I. Token experiments. Studies by Wolfe (418) and Cowles (71) 
with chimpanzees have shown that tokens — poker chips — can 
become incentives and acquire reinforcing power. In the beginning 
the chimpanzees were taught to insert the chips into a slot machine 
to get grapes, which were considered to have direct or primary 
incentive value. The animals learned to differentiate between 
colors of the chips so that a certain color was found to be worth 
1 grape, another 5 grapes, and so forth. Then the chimpanzees 
were put to work, doing manual tasks in some instances, for which 
they were given poker chips periodically, but they were not allowed 
to cash them in immediately for grapes. The animals might 
continue to work for chips alone for as long as so minutes before 
they would leave the work to try to cash the chips for primary 
incentives (grapes). Furthermore, not only would the animal 
work for tokens, but it would learn new tasks also, with only 
the chips serving as incentives. Clearly, the chips had gained 
incentive value for the animals. The analogy with hiunan behavior 
is obvious. 

3 . “Click” experiments. Experiments by Skinner (356) and Bugdski 
(46) have demonstrated symbolic incentives in rats. The device 
used in these experiments has become standard equipment in 
one form or another and has come to be known as the Skinner- 
box (Fig. 37). We shall refer to it frequently throughout this 
book. A small bar projects from the end of a box. Immediately 
below the bar is a small food box (or water orifice). Pushing 
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the lever causes a small pellet of food to drop into the box. The 
rat, when initially placed in such a box, explores the interior and 
sooner or later hits the bar and releases a pellet of food. In order 
to speed the initial part of learning, some E& have put a small 
bit of moist food on the bar, or in some cases have blown the 



odor of food through the slot from which the bar projects. These 
stimuli will cause the rat to concentrate its early explorations 
in the general area of the bar, thus increasing the probability of 
hitting it. Several days of habituation to the box may be necessary 
before the experiment proper begins. Learning may be measured 
by the number of bar depressions per unit of time, e.g., a minute. 
The pellets of food are quite small, so that it takes many of them 
to satiate a hungry rat. 

In the Bugelski experiment, two groups of rats were used. One 
group was trained to depress the bar and get food. The second 
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or experimental group was also trained in the same manner but 
in addition to receiving a pellet of food each time the bar was 
depressed, a distinct “click” sounded. After the response was 
fairly well learned, both groups went through a process during 
which no pellet of food appeared when the bar was pressed. 
The removal of the food incentive (or the particular incentive 
being used for a series of trials) is called experimental extinction. 
During extinction neither group received food, but the experi- 
mental group continued to hear the click each time the bar was 
depressed. The rats in both groups were allowed to continue 
pressing the bar until such responses ceased (extinguished). The 
group receiving the “click” stimulus took 30 per cent longer to 
extinguish than did the control group which did not have the 
dick. The click stimulus had gained certain incentive value in 
and of itself. 

3. The Brogden experiment. An experiment by Brogden (36) 
illustrates a special case in the developing of a symbolic incentive 
and will introduce us to a new technique. Brogden worked with 
the flexion response in the dog. A small electrode used to administer 
shock was attached to the forefoot. A bell was sounded and the 
shock administered shortly thereafter. If the dog lifted his foot 
at the sound of the bell, he woiild avoid the shock. Needless to 
say, the dog soon learned to lift his foot when the bell sounded 
and thus did avoid the shock. 

In this experiment, after the response was developed so that 
it occurred with nearly 100 per cent frequency to the sound of 
the bell, Brogden started givii^ the dog biscuits after each response 
and discontinued the shock. The training sessions followed ao 
hours of food deprivation, so that the transfer in the nature of 
the reinforcement from punishment to reward took place without 
difficulty. 

After the response was evoked at nearly loo per cent fre- 
quency to the sound of the bell with food as incentive, the group 
of I a dogs was split into three groups of four each. Group I 
was satiated with biscuit, placed in the experimental situation 
where the bell was rung, and food presented as usual if the 
flexion response occurred. The dogs in this group, being satiated, 
dM not eat the food. Group II was treated the same as Group I 
except that no food was presented after the response. Group IIJ 
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vrzs hungry when placed in the experimental situation and no 
food was given after the response. 

The results of the experiment are shown in Fig. 28 in terms 
of the per cent frequency of flexion response elicited on test 
trials. Ten test periods were given, 20 trials per period, each 
period on successive days. Each trial consisted of ringing the bell 
once. Figure 28 shows that Group 1 had only slight decrement 
in response over the 200 trials. At the end of this period, 73 per 



Pfo. 38. The operation of symbolic reward in the maintenance of the flexion 
response in the aog. See text for explanation of different groups. Data from 
Brogden (36). 

cent of the bell presentations were still being followed by flexion 
responses even though no food was ingested. Both of the other 
groups showed rapid extinedon, i.e., the response died out so 
that it no longer occurred to the bell. Since Group II was not 
presented food following the response and Group I was, this 
variation in treatment must account for the differences in fre- 
quency of response. It would appear that the sight and smell of 
food have incentive properties so that the response continues to 
be evoked. Thus we have another kind of symbolic reward in 
which the stimulus which normally serves to reduce the strength 
of motivation, and hence bring about learning, will continue to 
perpetuate learned behavior even though the dog cannot be 
said to be getting direct motive reduction. This type of symbolic 
incentive needs to be produced in a situation where a new 
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response has to be acquired, although setting up such a situation 
would be difficult. 

There are many other illustrations of the development of symbolic 
rewards in the literature, but these are enough to illustrate the 
point — the emphasizing function of incentives need not come from 
objects with direct physiological value. 

From the considerations in this section we must grasp, in addition 
to the understanding of the various methods of experimentation, 
the three following systematic relationships: 

I. Primary reinforcement. Achievement of an incentive appropriate 
to the motivation serves to select or emphasize the behavior 
sequence which precedes the obtaining of the incentive. 

9, Secondary reinforcement. If other stimuli occur consistently 
with an incentive which is appropriate for the reduction of a 
motivating state, these stimuli may gain incentive value to the 
extent that they will perpetuate behavior for a period of time, 
and under certain conditions, will act as incentives for the acquisi- 
tion of new responses. Such stimuli we have called symbolic 
incentives or rewards. 

3. Primary incentive with symbolic characteristics. From Brogden’s 
experiment we may make the tentative generalization that a 
primary incentive will perpetuate a given response for a much 
greater period of time than will a symbolic incentive, even though 
that primary incentive does not reduce a primary motivational 
state. It may be that the visual and olfactory aspects of food in 
and of themselves are largely symbolic incentives, having gained 
such reinforcing properties by being consistently present when 
eating has taken place. 

Now we may see somewhat more clearly how it is possible 
for complex symbolic or derived motives to develop in humans. 
If we take' into consideration the vastly greater symbolic power 
of humans as compared with animals (this is a human’s opinion), 
it seems quite feasible that our highly symbolic motive-incentive 
relationships could have developed by processes of learning stem- 
ming originally from incentives which satisfied basic physio- 
logical motives. We have, however, no experimental evidence 
other than the type presented here to show how this comes 
about. 

In the chapter thus far we have attempted to set up guides for 
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fViinlcing about the complex topic of motivation, We have or- 
ganized this material around the rOles which motivation plays in 
performance phenomena which are associated with learning. Its 
application to influence on work will be considered in the special 
chapter on that subject near the end of the book. 

EXPERIMENTAL OPERATIONS INFLUENCING 
MOTIVATION 

We turn now to a consideration of experimental manipulations 
which are presumed to cause motivation to vary in amormt. In 
each case we shall attempt to discover what effect these changes 
have on performance phenomena associated with learning. Since 
many of the experiments have been done with rats a few com- 
ments should be made about the composition of groups of rats 
when each group is to serve under a different experimental con- 
dition. In the case of human iSs, we have warned against using 
small randomly selected groups without chedcing on equality 
of performance before a variable is introduced. In the case of 
rats it is customary to form groups without an equality check. 
Colonies of rats maintained at laboratories become highly inbred 
so that there is a high similarity in hereditary bacl^round. Then, 
too, the rats have been raised in a common environment. Hence, 
random selection of groups of rats, even small groups, is likely 
to result in groups which do not differ significantly. Certaiq 
limits are usually imposed on the population of rats ffom which 
the groups are drawn. Age range may be restricted in order to 
reduce the importance of this factor as a source of individual 
differences. In many instances E has made sure that each experi- 
mental group contains the same niunber of male and female 
animals, and on occasion, he controls the weight of the rats. If 
these subject variables are actually equalized for various groups 
the procedure is more similar to Design Method II, Matched 
Groups, than to Design Method I, Random Groups. 

Another method of forming groups of rats is called the split- 
litter technique, A given litter of rats is divided equally among thq 
groups being formed. This method, of course, equalizes age for all 
groups and assumes a high degree of similarity of hereditary and 
environmental background. Obviously, it would take more thapi 
one litter to fill out the groups in the usual experiment. 
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Deprivation Time 

For our illustrations of the relationship between deprivation 
time and learning, we shall consider three experiments using rats 
in a Skinner box. 

The gross relationship. Heron and Skinner (148) first trained 
their rats to operate the bar in the Skinner box. Then the rats 
were given access to all the food they could eat for a s4-hour 
period. Following the a4-hour period, they were placed on sub- 
normal rations. Each day the rat was placed in the box and 
for 4 minutes was allowed to push the lever and get and eat all 
the food possible. The amount which could be obtained during 
the 4-minute period was too small, however, to sustain life in- 
definitely. The procedure of allowing these short periods of 
reinforcement each day may be called periodic reinforcement. After 
the 4-minute period the rat remained in the box for an additional 
hour, but during this hour no food pellets dropped as a conse- 
quence of bar depression. The number of responses (bar depres- 
sions) made during this hour was used as the measure of the 
influence of the hunger motive. On each successive day up to 
5 days, the rate of responding increased. On the fifth day some 
of the rats pressed the bar over 1000 times during the hour. On 
the average, the peak of response frequency was reached on the 
fifth day after which the frequency dropped rather sharply as the 
rats weakened. 

Short term relatjonship. Perin (285) gave four groups of forty 
rats each sixteen reinforcements in the Skinner box and then 
instituted varying deprivation periods for the different groups. 
A reinforcement is defined as the eating of a single pellet. The 
degree of learning which took place was shown to be the same 
for all four groups as a consequence of their having had the same 
number of reinforcements. 

After the training the rats were deprived of food for various 
intervals to determine how the length of the interval would in- 
fluence the length of time required to extinguish the lever press- 
ing habit built up by the 16 reinforcements. One group was 
deprived of food for i hour, another for 3 hours, another for 
16 hours, and the fourth for 33 hours. Before deprivation started, 
all rats in all groups were thoroughly satiated. Following the 
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specified deprivation period the rat was put in the box and left 
there until no lever pressings had been made for 5 minutes. 

The results are shown in Fig. 29. It is assumed, of course, 
that the longer it takes to extinguish the response the stronger 
the motivating condition. Thus, the rate of extinction is one 
of the performance phenomena associated with learning from 
which we infer different degrees of motivation. The results show 
that the number of responses made before the rat stopped 



Flo. 29. Relationship between strength of motivation (hr, of deprivation) and 
extinction time. Each point represents one group of ^o rats. All groups were given 
16 reinforcements in the Sldnner-box before imposition of the deprivation condi- 
tions. Data from Ferin (385). 

responding for a period of 5 minutes is greater as the hours of 
deprivation increase. Since the response was originally learned 
to the same degree in all groups, the differences can be attri- 
buted only to differences in the strength of the motive at the 
time of extinction. In further work, Perin showed that the general 
relationship holds, regardless of the number of initial reinforce- 
ments. 

Koch and Daniel (203) extended Perin’s work and investi- 
gated the resistance to extinction shown when the animals had 
zero hours deprivation. The rats were given from seventy to 
ninety reinforcements during training. On the following day 
the animals were placed in the box immediately following com- 
plete satiation. Using Perin’s extinction criterion, the results 
showed that extinction was accomplished in almost zero trials. 
Actually, the median number of bar depressions made during the 
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5«minute period was one. It is very likely that we can extrapolate 
the curve in Fig. 29 at the low end so that it meets the ordinate 
just slightly above zero. 

In summary, these illustrations show that as deprivation time 
increases, performance associated with learning increases up to 
the point where physical weakening sets in. 

Variatioii in Incentives 

Since incentives are an integral part of the stimulus complex 
influencing motivation, E may vary incentives and determine 
whether this brings about differences in performance. The process 
of doing this is one of the most complicated fields in modem 
psychology, for several reasons: 

1. Whether or not incentives will infiuence performance 
appears to be dependent upon a great many conditions, and 
in spite of the fact that there have been scores of researches in 
this area, there are many divergent experimental results. This 
is especially true when negative incentives are administered to 
human Si. 

2. Results obtained with animals appear to be different from, 
those obtained with humans. 

3. Lively theoretical arguments on the mechanisms of learning 
stem from this research area because there are several possible 
interpretations attempting to make plain how incentives might 
have the influence shown in the data. 

For good reasons we are going to postpone all theoretical 
considerations to a later chapter. We shall not even attempt to 
review the literature on incentive variation, since adequate surveys 
are available (q6). 

Electric shock in human learnii^. Electric shock for errors 
is the most widely used negative incentive in experiments involving 
adult Si. There are many electric shock experiments in the 
literature which have followed Design Method I, Random 
Groups. In these experiments all or some of the comparisons 
between various groups rest on the tacit assumption that the 
groups were equal in learning ability before experimentation 
started. No checks were made to determine the validity of the 
assumption. The reported results from some of these experiments 
are contradictory. We are left somewhat in doubt as to whether 
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the contradiction may be due to the fact that two or more groups, 
assumed to be equal before the introduction of the variable, were 
not equal. 

Let us consider an illustration of how random groups, tested 
for equality, can be used effectively in studying the influence of 
electric shock. Gurnee (127) chose five random groups of human 
Ss and put them aU through four trials on a maze with exactly 
the same conditions prevailing for all groups. From the scores 
on these initial four trials he could evaluate the comparability 
before the variable was introduced. Actually, the mean per- 
formance of one of the groups did deviate considerably from 
the means of the other groups. In the experiment proper he 
used a control group (no shock); a group given a weak shock 
for wrong responses; a group given weak shock for right res- 
ponses; a group given moderately strong shock for wrong responses; 
and the fifrh group given moderately strong shock for right 
responses. These variations were introduced on the fifth trial 
and were maintained until S mastered the maze. Gurnee found 
but little difference in the rate of learning among the groups. 
Within the limits used, intensity of shock did not appear to be 
a significant variable, and whether it was given for right or 
wrong responses did not appear to be of any consequence. If 
motivation was influenced by shock it was not reflected in the 
performance records. 

As a second illustration of soimd procedure, let us consider 
an experiment by Gilbert (m) using Design Method II. Gilbert 
had I os i 5 's learn a short practice maze. On the basis of their scores 
he divided his •S's into two groups so that according to the practice 
scores they were very well equated as determined by the mean 
and variability of performance. Then the variable was introduced 
as iS's started to learn another maze. One group received no shocks 
as they learned the maze, whereas the other group was given 
a shock whenever they had made a certain number of errors 
— a noninformative shock since it did not occur at the time of 
the error. Indeed, the shock was often administered between 
trials. The shock group learned the maze a little faster than the 
control group, though the differences were not large enough to 
allow the conclusion that the shock significantly affected the speed 
of learning. 
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The procedure used by Gilbert in obtaining eqruvalent groups 
malfps only one assumption; namely, that performance on the 
practice maze is highly correlated with performance on the regular 
This assumption could, of course, be checked by his data, 
but it is very likely that the correlation would be high. Because 
the correlation may be somewhat lower than perfect, it is probably 
better to match Ss on the actual task to be used by giving the 
group a few trials before introducing the variable. Practical 
considerations however often will not allow this. 

LiSht 



Fio. 30. Flan of discrimination box used by Mucnzinger, Bemstone, and 
Richards (ayy), in their study of the effect of shock for right and for wrong 
responses in rat learning. On each trial one of the lights was on and the correct 
response was going toward the light and entering the food box. On incorrect 
responses the door to the food box was closed. 

We have considered only two experiments concerning the 
influence of electric shock on learning. They do not, of course, 
show the wide divergence in results which have been found. There 
are no general principles which can be drawn from the work done 
to date except that electric shock usually produces greater variability 
in performance. 

Electric shock in animal learning. With but few exceptions, 
the introduction of shock in animal learning situations has en- 
hanced performance. One of a long series of experiments by 
Muenzinger and his students will be used as an illustration (278). 
In this experiment a visual discrimination box, shaped like a T, 
was used, as shown in Fig. 30. The rat, after reaching the choice 
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point, learned to take only that alley at the end of which there 
was a light burning. E determined by random order which light 
should be glowing on successive trials. The animal thus could 
not learn always to go to the right or to the left; rather, he had 
to leam to go toward the light Three groups of rats of twenty- 
five. each were formed. One group received shock from the grid 
for making right responses, another group for making wrot^ 
responses, and the third group received no shock. The rats were 
given ten trials a day until they made no errors on two successive 
days (twenty successive errorless trials). The results, as shown 
in Table 14 , indicate clearly that either shock condition was much 
superior to the non-shock condition in terms of rate of learning. 
There is some indication that learning was most rapid when 
the rats were shocked for making wrong responses. The fact that 
shock for right responses leads to faster learning than does no 
shock is probably accounted for by the additional discriminative 
cue (though a painful one) which the shock affords. 


TABLE 14 

IIm.uE^caI OF Snocac for Right and Shook for Wrong Responses in 
Learning of a Discrimination Habit by White Rats 



Errors 

Trials to 

Reach Criterion 

Mean 

0 

Mean 

a 

Shock right group 

17.0 

4.1 

45.2 

16.7 

Shock wrong group 

11.3 

2.7 

34.8 

11.7 

No shock (control) 

23.2 

6.2 

107.2 

45.9 


Data from Muenzinger, Bemstonc, and Richards (278). 


Palatability of food incentives. In view of our own prefer- 
ences, it might seem reasonable to expect that greater energy 
output would occur if we were working for a very preferred 
incentive or reward than if we were working for a reward only 
slightly desired. Children, we might suspect, would perform 
much better in .order to receive ice cream than they would to 
obtain egg-plant. The restriction of our generalization is rather 
acute, however, when we attempt to consider adults. In the 
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human adult we often find the expected relationships obscured 
by other motives. 

If we confine our evidence to animals we find that the relation- 
ship between desirability of food and performance rewarded by 
that food is high. A carefully performed experiment by Young 
(4,25) demonstrates the principle. By a cafeteria technique in which 
animals were allowed to choose between one of two foods (paired 
comparisons), it was determined that of the three foods used in 



Fio 31. Relationship between perfoimance and palatability of foods. Sugar 
and wheat were preferred to casein by rats, and are shown here to heighten 
performance of a simple running task. Data from Young (425). 

the experiment, sugar and wheat were almost equally well liked 
by rats, but both were much better liked than casein. Using these 
three incentives and a simple task in which the speed of running 
was the measure of performance, it was shown that the rats made 
more runs per unit of time when running for wheat or sugar 
than they did when running for casein. This relationship was 
determined, of course, when the rats had been subjected to the 
same number of hours of deprivation. Figure 31 shows the results. 
The number of runs made per minute is direedy related to palata- 
bility of the food. 

Amount of incentivo* The data concerning this dimension are 
clear-cut for animal experiments. Grespi (73) has shown that the 
speed of running is directly related to the amount of incentive 
of a given kind (food). One necessary experimental precaution 
should be mentioned. In order to vary the amoimt of incentive 
among groups, E must give no more than i trial a day. Since 
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the amount of incentive is being varied, the degree of hunger 
will be differentially changed among animals after the consump* 
tion of the incentive received on a single trial. Hence, though 
anirriala in different groups start with the same strength of the 
hunger motive the strength will be different for the different 
groups after the trial. Consequently, only i trial should be given 
a day, and the difference in the amount of incentive received 
after the trial should be balanced by the amount fed the rats 
in their home cages. Then for the next day’s run degree of hunger 
would be the same for all groups and differences in performance 
can be interpreted precisely. 

Precise variation in the amount of incentives given humans 
could be obtained by varying the amount of monetary reward. 
Again, however, other motives may confound the relationship 
when adults are used as 5 s. It is not necessarily true that greater 
motivation will result from the salary of sixty dollars a week 
than from the salary of fifty dollars. Money would be of no value 
as an incentive, of course, unless the implications of the money 
were understood by 5 . Very young children will perform better 
for candy than for pennies. By and large, as age increases, money 
takes on incentive characteristics, but because of the complexity 
of adult motives, we cannot assume that with adults more money 
is going to bring better performance. These facts are becoming 
more and more apparent in the case of the relations between labor 
and management (114, 319). 

Praise and reproof. If, following a task or segment of a task> E 
tells 5 : “That was fine,” or, “Good, let’s do even better this next 
time,” one may think of these statements as being positive verbal 
incentives, or praise. If E says: “Very poor,” or, “You’re doing 
a poor job and you ought to be ashamed of yourself,” we 
have negative verbal incentive, or reproof. In view of the fact 
that many of our “natural” rewards and punishments follow this 
pattern, it is inevitable that experimental work should be done 
with such incentives. We need not consider a specific experi- 
ment since the method would be straightforward. After equal 
groups are formed on the basis of preliminary tests, one group 
would be praised following performance, the other reproved. 
Usually we would also add a control group which is neither 
praised nor reproved. Two representative studies have been 
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performed by Hurlock (174) and Schmidt (335). From these, and 
other studies, the following conclusions may be drawn: 

I. With young children, praise results in better performance than 
reproof. 

9. With older children, reproof seems to be the best incentive. 

3. With young adults, neither seems to influence learning a great deal. 

4. Either, if given too often, will be reduced in effectiveness, though the 
loss of the effectiveness of reproof is most rapid. 

5. The person administering the reproof or praise is a significant variable 
— some Ss may respond to one E and not to another. 

Summary of incentive variation, i. Incentives may be 
varied in kind or in amount of a given kind. Incentives may be con- 
sidered negative (punishment) or positive (reward). The experi- 
mental problem is to determine the relationships between incentive 
variations and performance phenomena associated with learning. 

3. Electric shock has been used a great deal as a negative 
incentive. For human iSs the results are ambiguous, shock appearing 
sometimes to facilitate performance, sometimes to inhibit it, and 
in still other situations to have no influence. Reasons for the 
discrepancies are probably numerous, including the type of task 
used, the degree of dominance of other motives, and the intensity 
of the punishment. Ambiguity in the data may be due in part to 
the use of Design Method I. Electric shock administered to animals 
will usually facilitate performance. 

3. Other things being equal, the greater the amount of a given 
positive incentive the greater the facilitation of performance, and 
the more desired an incentive the greater the facilitation. These 
principles are clear-cut in the case of animal studies, but may be 
masked by other factors in human studies. 

4. Praise and reproof, as special forms of positive and negative 
incentives, have been shown experimentally to influence perfonn- 
ance. There are several variables involved, 

Qompetition or Rivalry 

, “Getting ahead of someone dsc” appears to be a basic motive 
in our culture. Very early in life the individual’s performance is 
compared (by himself and others) with the performance of others. 
Since “getting ahead” is usually rewarded in some fashion, 
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it is quite conceivable that such a motive could develop. What 
we call competitive activity is first seen at about the age of three, 
and then develops very rapidly for the next few years (122). It 
would appear that in so-called rivalry or competitive situations 
the incentive is the extrinsic or intrinsic rewards (or both) 
which usually accompany excelling. Responses to the person 
and by the person who wins first prize at a bridge party are quite 
different from those to and by ^e person who wins the booby 
prize. 



Fio. 39. The effect of competition on the speed of working arithmetic problems 
among fourth and sixth grade students. The competitive situation was set up on 
the second day. Data from Hurlock (175). 

If we can agree that certain situations involving competition 
or rivalry invoke changes in the energy level, hence, changes in 
motivation, E may attempt to vary these situations to determine 
the influence of the variation on performance. We need examine 
only one study to show that it is possible to influence behavior 
by changing situations believed to invoke competition. This study 
was done by Hurlock (175). 

Hurlock gave 150 fourth- and sixth-grade students a standardized 
set of arithmetic problems to solve in a limited period of time. 
On the basis of the scores, two groups of equal ability were 
formed. One group served as a control group in which no rivalry 
was introduced except that which might come about through 
the usual school situafion. The other group, the experimental 
group, was divided into two sub-groups of equal ability as de- 
termined by the initial test. Between these two sub-groups a 
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competitive situation was set up. To do this, it was necessary 
only for E to announce that she was interested in seeing which 
group could beat the other group. To add to the stimulation, E 
read the names of the winning Es in each group and asked them 
to stand up. 

The experiment extended for four days after the initial division 
of the i^s into groups. On each of these days, 30 additional arithmetic 
problems were given. The control group worked merely as if the 
problems were another task to be done; the two experimental 
sub-groups vied with each other for superiority. The results are 
depicted in Fig. 33 and show that the competitive situation raised 
the mean scores. Both groups were quite equal at the start (Day i), 
but on successive days the experimental groups were consistently 
and significandy higher than the control. 

Induced Muscular Tension 

We have in sisted that, where possible, £’s inferences from 
changes in motivation should be from changes in the energy 
output of the organism. The secondary, but very practical problem 
is that of relating changes in motivation to changes in performance. 
By definition, we have said that as tension or energy level increases 
as a result of manipulating a certain class of stimulus variables, 
motivation increases. We have seen that tension increases during 
performance of a task as compared with relative rest. Finally, we 
have seen that performance is related to motivation where it is 
believed motivation has varied, even though tension measurements 
were not taken. All of these associated phenomena suggest the 
possibility that if tensioii is induced directly, performance may be 
enhanced. 

There is a temptation to say that inducing tension increases 
motivation directly and actually this may be what happens. How- 
ever, although we may say that changes in motivation are revealed 
by changes in tension, it does not necessarily follow that changing 
tension in turn changes motivation. Regardless of how the relation- 
ship may be conceived, the problem is wide open to experimental 
attack and most results to date show that increasing tension will 
enhance performance within limits. We should consider the 
methodology of one experiment. 

A study by Courts (69) was concerned with the learning of 
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nonsense syllables (meaningless three letter words, such as GUP). 
Courts, in order to explore varying degrees of tension and their 
relationship to learning, asked Sa to grip a dynamometer as hard 
as they could for a period of 30 seconds. The reading in kilo- 
grams at the end of 30 seconds was taken as the maximum grip 
measure. Using this maximum grip as 100 per cent tension, 
Courts required Sa to learn lists of syllables while they were 
gripping the dynamometer at different fractions of the maximum. 



Eio. 33. The effect of induced muscular tension on the learning of nonsense 
syllables. Data Drozn Courts (6g). 

The fractions used were ^/g, V4, ^la> Va» '/a- learned under 

normal conditions, i.e., without gripping lie dynamometer. The 
amount of induced tension was kept constant during learning 
by placing a small contact switch on the dynamometer dial. 
When the hand on the dial made contact with this switch a light 
went on. S was to keep the light on at all times while working 
under induced tension conditions. 

Sa had 5 trials on each list of nonsense syllables, learning a 
separate list for each condition. The results of this experiment 
are shown in Fig. 33. Note that the optimum point of induced 
tension seems to be somewhere between and */g, and that 
between and 8/4 tension, an inhibitory effect begins to occur. 
In short, inducing tension artificially will enhance performance, 
as shown by the mean syllables correctly anticipated. With high 
tension, inhibition of performance may result. It may be noted 
that some Ea have suggested that associated emotional factors 
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may produce the decrement in performance under high induced 
tension. ' 

The variables in the situation in which muscular tension is 
induced are not thoroughly worked out. Investigations thus far 
suggest that the locus of the induced tension and the complexity 
of the task are two significant variables (70). A tentative generaliza^ 
tion concerning the latter variable is that the more complex the 
learning task the less the facilitation by induced tension. 

The findings with regard to induced muscular tension as 
exemplified by Courts’ study are suggestive of another reason 
why there have been contradictions in the data concerning the 
influence of pimishment, especially the influence of electric shock. 
We would suspect that the use of electric shock would increase 
<S’s tension. However, some studies have shown a facilimtion 
of performance as a result of shock, whereas others have not. 
It is possible that the different studies may have invoked different 
degrees of tension and that this, coupled with differences in the 
tasks, may have put S past the point of optimal tension so that 
his performance was much as it would have been at a lower 
tension level. A horizontal line drawn through two portions of 
the curve in Fig. 33 would indicate points of differing tension 
level but of identical performance. 

Variations in Set 

Set, a teim used in several ways in psychological literature 
(109), is employed here to relate the formal instructions given S 
and performance as a consequence of those instructions. In part, 
instructions experimentally define the directive function of moti- 
vation. They stipulate in what direction S should apply his efforts 
and the stimuli to which he should attend. There is no reason 
to believe that the instructions as such influence the energizing 
function of motivation unless those instructions indicate certain 
rewards or punishments which may follow. Changes in performance 
due to different instructions, differences which are usually attributed 
to set, form a part of the study of motivation. 

Unfortunately, the problem of set is a complicated one, largely 
because it is recognized that the instructions given S are usually 
not the only determinants of the direction in which S aball apply 
himself. It has been pointed out (233) that there are at least 
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three varieties of instructions in the usual human experiment; 
(i) formal instructions^ (a) incidental “instructions” aroused by 
die situation and without the intent of E; and (3) instructions 
which S gives himself. These last two are related directly to 5 ’s 
past experience, and how S applies himself will be determined to 
a certain extent by how he has applied himself successfully in 
the past in similar situadons. E thus has only partial control over 
the direction of behavior. Unless set is being studied, of course, 
E attempts to devise experiments so that the past experiences 
and instructions will not work against each other. When studying 
set, however, E attempts to impose certain conditions on S which 
may or may not be supported by past experience. 

‘*Wliat is learned” as a function of set. In a recent experi- 
ment (agS) Ss were given 90 seconds to read a 350 word passage 
from a dramatic short story. Five different groups were instructed 
to “read for” different things: (i) general comprehension; (a) 
specific sequence of events; {3) details of content; (4) details of 
wording; {5) physical appearance (typographical errors). Three 
minutes after reading, Ss were tested over all aspects, i.e., over all 
five factors, by a multiple choice test. 

The results show that some difference in what is remembered 
can be attributed to the different sets invoked by the instructions, 
but in no case did a given set preclude learning other factors. 
Set-inducing instructions did not rule out the acquisition of 
material not covered by the instructions; hence, this acquisition 
must be brought about by self-administered instructions, or more 
likely in this instance, by reading habits of long standing. It is 
reasonable to presume that one will, to a certain extent, read as 
he has read in the past and this means reading for “things” for 
which one has read in the past. 

More marked differences can be produced in learning by using 
less meaningful material so that S does not have a response pattern 
already established concerning the material. In one study (ao) 
a group of i^s was instructed to read a list of nonsense syllables, 
presented imder the guise of a type-clarity test. Another group 
was instructed to learn the list. With a set to learn the list, Se 
took about 5 trials to reach mastery, whereas the group which 
had been instructed merely to read the list took la trials to attain 
mastery. 
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Maintenance of set. A variation in the methods for studying 
set was used by Rethlingshafer (308). She presented S with a 
variety of tasks (nonsense lists, mazes, puzzle problems, and a 
simple motor task), and while S was engaged in learning or per- 
forming these tasks the reaction time to a buzzer was measured. 
S was instructed to press a key whenever a buzzer sounded. The 
onset of the buzzer started a chronograph (timer) and pressing 
the key (by S) stopped the chronograph, thus giving a measure of 
speed of reacting to the buzzer. 

Results show that as the learning of nonsense lists or mazes 
proceeded, there was an increase in the speed of reaction to the 
buzzer. The longest reaction times were observed on the first 
learning trials, and the shortest times were observed when the 
lists or mazes had been learned and were being performed per- 
fectly. Assuming the puzzle problems allowed for solutions of 
an insightful nature, the results show that the longest reaction 
time to the buzzer occurred before insight had taken place, and 
the shortest after insight had talcen place. Finally, during the 
performance of the simple task (dropping a marble through a 
hole, picking it up and dropping it through again, and so forth), 
the reaction time was shown to be very fast and had but little 
variability over a considerable period of time. 

Note that in this experiment S was given two sets, one to react 
to the buzzer and the other to perform or learn. The results 
suggest that the more difficulty S is having with a given task, the 
less quickly can he direct his behavior into other chaimeb, i.e., 
respond to the buzzer. Thus, descriptively it appears that set 
has “depth,” and that this is what we mean by degree of 
attention. 

Control of set by controlling past activity. We indicated 
previously that E’s control of set through instructions was only 
partial. Set is influenced to a certain extent by past experience 
in similar situations. We could, then, set up a series of problems 
whose solutions were similar and thus develop a specific solution 
set. Next, we could change the type of problem so that then the 
previous solution set is inadequate, and determine what influence 
this interference of sets has on the solution of the new kind of 
problem. Such attacks on the problem of set have been made. 
The results cut across several areas of study including transfer 
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of training, interference in learning, and, especially, interference 
in thiniing and reasoning. We shall delay consideration of such 
set interference until we consider the material on thinking and 
reasoning. 

Ego-involvement 

Introduction. In recent years psychological literature has 
carried an increasing number of references to the term ego- 
involvement. Allport (a), in 1943, summed up current and his- 
torical usages of the term and set forth evidence which he be- 
lieved justified the use of such a term. Recently an entire book. 
The P^ckology of Ego-Involvements, has been devoted to the r6le 
of the ego in its various involvements (351). An extensive dis- 
cussion of the relationship (or lack of it) between ego-involve- 
ment and principles of learning has appeared (310). Inasmuch 
as some of the problems relating to ego-involvement are amenable 
to experimental attack, we will need to consider the operations 
which define it. Our present problem is to examine ways in which 
E can vary motivation. Making S ego-involved is presumably one 
of these ways. 

A conception of the ego. We must get some understanding of 
how the term ego is to be used here. Evidence from clinical data 
tends to suggest the hypothesis that as an individual matures in a 
given culture, or sub-culture, he gradually builds a rdle (139) 
for himself in that culture. He develops a status. He learns what 
is “right” smd what is “wrong”; he discovers, with considerable 
help from his elders, which status or r6le is thought well of and 
which is considered a failure. He discovers what abilities are 
highly esteemed, what traits are rewarded, what actions are best 
to display, and so forth. From a great wealth of experiences he 
builds up a conception of himself — of his status — ^which is highly 
personalked and which includes his feelings of self-esteem and 
feelings of prestige. This conception which an individual has of 
his rdle or status we will call the ego. (Gf. Sherif and Cantril, 351, 
for an extended discussion of the genesis of the ego.) 

When an individual is said to be ego-involved experimentally, 
we mean that he is placed in a situation which is a threat to his 
status or rdle; it is a threat to his prestige or self-esteem. These 
threats instigate feelings of anxiety. Anxiety, being a painful 
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condition, serves as a motivating factor (373, 373) by energizing 
the organism. His behavior, as a consequence of this anxiety, 
tends to be directed toward alleviation of the anxiety and thus 
reduction of the motivating state. The specific direction behavior 
takes in an effort to remove the anxiety condition will be de- 
termined by past experiences which have been successful at this. 

With this conception of the ego and its involvement, the experi- 
mental problem is that of determining what conditions of threat 
are universal enough to get a group of Ss ego-involved by the 
same operations. 

Experimental implications. Allport (s) has pointed out that 
in the usual laboratory experiment ego-motivated behavior is 
seldom instigated. He thinks it is a hopeful sign that recent experi- 
mentation has attempted to get at these “higher” motives of 
man. We have already seen that the instructions to S may have 
considerable influence on the performance. It is likely that many 
of the more staid laboratory experiments are unwittingly tapping 
the ego-motive to a certain extent by S's self-instruction or by 
false impressions of the experiment. For example, the writer has 
done some research on the learning and forgetting of simple 
verbal materials. These experiments are of an individual nature 
in which only one S works at a time. On many occasions, Sa have 
asked how highly the ability to learn the words presented is 
correlated with intelligence, or how highly it is related to per- 
sonality traits. Without doubt some Sa have learned the words 
under the impression that this ability was somehow related to 
intelligence or personality. Studies of ego-involvement may 
deliberately use such ruses to attempt to induce ego behavior into 
the experimental situation. 

It appears that the recent flurry of writing about ego-involve- 
ment has two important implications for the experimentalist. 
First, it is necessary to reconsider the whole problem of in- 
structions to 5 , since in some experiments we might want him 
ego-involved and in others not. It is even reasonable to suppose 
that some of the contradictions in the experimental literature 
may stem from differences' in the amount of ego-involvement 
imintentionally invoked by the situation and by the instructions. 
Until more evidence is available, we need not consider the possi- 
bility that ego-involved behavior produces qualitatively differeiit 
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results than non-ego-involved behavior. Allport is careful to 
point out the dimensional aspects of ego-involvement, and we 
shall consider motivation changes produced by ego-involvement 
as extending from low to high in the same fashion that we have 
conceived the variation in degree of motivation produced by 
other operations. 

Secondly, accepting the concept of ego-involvement poses a 
new problem in determining what experimental operations can 
be used to invoke ego-involvement, and what operations can be 
set up so that it will vary in amount. At present, we may indicate 
how it is believed that one involves egos experimentally. There 
are two general classes of experimental problems which may be 
performed. 

I. We may give S material to learn (or a task to perform), 
material toward which S is not already ego-involved. However, 
certain conditions are imposed so that the speed of mastery in- 
volves ego-motivation. Thus, S is given a list of nonsense syllables 
to learn and is told that the speed of learning these syllables is a 
measure of intelligence. Few people are ego-involved in nonsense 
syllables as such, but if they are told that the ability to learn 
the syllables is a measure of intelligence, they may be highly 
motivated to learn the list quickly. Failure to do so would indi- 
cate to others low intelligence, hence, a threat to self-esteem or 
prestige. 

II. We may give S material to learn, the material as such being 
of the nature that iS’s ego is already involved in it. We would 
choose one group of iSs considered to be ego-involved with the 
material and another group considered not to be ego-involved 
and deternune differences in the rate of mastery. Thus, a group 
of football players is asked to memorize a passage extolling the 
virtues of the football team. It is presumed that this group would 
be more ego-involved in the content of the material than would a 
group of, say, music-school students. 

Experiments using Method II have shown positive results, i.e., 
the ego-involved group will learn the material faster than the 
non-ego-involved group. For example, communists will learn pro- 
conomunist material faster than will anti-communists (215); 
pro-New Deal students will learn pro-New Deal material faster 
than wUl anti-New Deal students (84). Since, however, such 
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results may be explained on fairly well established principles 
of transfer of training (Chapter IX) without invoking any new 
concepts, we shall say no more about Method II. 

lUastrations of Method I, In an experiment by Alper (3), two 
groups of Sa were used in the usual control-experimental pattern. 
Each group had two sessions, but on the second session the 
experimental group was placed under conditions which were 
thought to involve a severe threat to iS"s self-esteem. The main 
task in each session was that of rearranging jumbled sentences of 
30 words. Some of these sentences were easy to place in proper 
order and some were very difficult, so difficult in fact that they 
could not be finished within the time limit allowed for each. 

During the normal sessions, E attempted to maintain a normal, 
friendly relationship with S and presented the tasks as a job to 
be done. Only E and S were in the experimental room. During 
the ego-involved session under which the experimental group 
served, the atmosphere was considerably different. Several con- 
ditions were changed in an effort to pose a threat to S'a self- 
esteem: 

I. its were told that the ability to rearrange the sentences comprised an 
intelligence test used by the Army to select officer candidates. (All Sa were 
draft-age males and the experiment was performed during the war.) 

3 . A male accomplice was situated in the experimental room and be 
"managed” to solve the problems much faster than S, at the same time 
remarking on the ease of the problems. 

3 . An attractive female accomplice was situated in the experimental 
room, ostensibly to help with the experiment, but actually to add to S’a 
embarrassment when he failed to keep up with the male accomplice. 

The design of the experiment may be represented as follows: 

Session I Session 11 

Control Group ' Normal Normal 

Experimental Group Normal Ego-Involvement 

The use of the control group was necessary to show what changes 
would come about as a consequence of mere practice and as a 
consequence of the differences in the two sets of sentences, since 
one set was always used on the first session and the other on the 



1 96 EXPERIMENTAL PSYCHOLOGY 

second. The control group showed no significant change in scores 
from Session I to Session II, so that any change in performance 
which occurred for the experimental group may be attributed 
to differences brought on by the change in conditions at the second 
session. 

The results show that in Session II the experimental group 
solved fiwer sentences than they did in Session I. Alper speaks 
of this as a disruption of performance. Observations made on Ss, 
and remarks made by them, suggest strongly that they were highly 
motivated to do well. Yet, the results show that their performance 
was poorer under the ego-motivating conditions of Session II than 
the non-ego-mo tivatmg conditions of Session I. The results, then, 
are quite similar to other results discussed previously; when motiva- 
tion is very strong, or when tension is very high, performance may 
be inhibited. 

The Alper experiment also has a strong frustration component 
in it, for, in comparison with the male accomplice, S actually 
failed. The results, then, as far as sheer ego-involvement is con- 
cerned, are somewhat obscured. Failure adds an additional factor 
which we will consider in detail in the next chapter. Ego-involve- 
ment as such involves the threat of failure but not actual failure. 
From Alper’s study we cannot answer the question as to whether 
Ss would have done better had E merely indicated that the per- 
formance on the sentence test was a test of intelligence. This is 
no indictment of the study, however, since Alper was testing other; 
hypotheses. 

We must conclude that we have no clear-cut data on the ego- 
learning of impersonal material as compared with non-ego-leaming 
of the same material. A systematic series of> experiments in this 
area is much needed. There are some data on the relationship 
between ego-involvement and forgetting, but these data will be 
considered in the chapter (XIV) on forgetting. 

Another class of experiments which falls under this method 
has come to be known as experiments on the level of aspiration. 
In simple form, a level of aspiration experiment proceeds as 
follows: 

I. iS is given a task to do, often a simple speed task such as cancelling 
letters. 

a. 5 is asked to estimate what score he thinks- he will make 
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on the next trial on the same task, i.e., what his goal is on the 
next trial. 

3, Another trial is given and the score determined. 

The difference between, for example, the score on trial two and 
the goal set up after trial one reveals something about S’s level of 
aspiration, and may be called a D-score (difference or discrepancy 
score). A series of such sequences may be given and a mean or 
median D-score determined. If the differences are consistently 
positive, it indicates that S seldom attains the goal he sets for 
himself; we might say that he over-aspires. If the scores are con- 
sistently negative, it indicates that he does better than he says he 
will do, or under-aspires. 

There are many variations on the basic method. It appears, 
however, that if the goals are set up sincerely by S, i.e., if he 
really expects to make that score, then we have the basic in- 
gredients of an ego-involved situation, since failure to achieve 
that score would be a blow to his self-esteem. In fact, the logic 
is sometimes reversed to indicate there can be no true personal 
failure or success unless the person is ego-involved. 

A considerable number of variables in the level of aspiration 
situation have been worked out (cf. Sherif and Gantril, 351; 
Rotter, 325; and Lewin, Dembo, Festinger and Sears, 217, for 
these variables and the results obtained). Strangely enough, there 
are no data available on the performance of one group working 
under the level of aspiration conditions and another comparable 
group working under usual conditions. Consequently we do not 
know whether the level of aspiration situation increases motiva- 
tion or not. 

Most of the level of aspiration studies are highly similar to 
studies on competition or rivalry, either competition wilhin the 
group or of an individual with himself. Most of the interest to 
date has been centered on changes in performance and on changes 
in aspiration scores which occur within a series of trials. The 
above references should be consulted for these facts. It may be 
that D-scores in a variety of tasks will be found to have some 
significance as indicators of degree of adjustment. D-scores show 
a wide range among individuals along a reality-irreality dimen- 
sion (179). It would appear that a person who consistently sets 
his goals higher or lower than his performance would objectively 
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warrant (irreality) has a different personality structure than does 
a person whose aspiration scores keep pace with his performance 
(reality). 

Studies of the level of aspiration clearly fit into the study of 
motivation since they are concerned with goals and with attempts 
to attain these goals. Indeed, in these studies we have the rare 
case of laboratory behavior in which S chooses his goal and then 
tries to attain it. This choosing, and striving to attain, fits our 
conception of ego-involvement, but we must await considerably 
more research before the data obtained by the level-of-aspiration 
technique can be integrated with the rest of the topics of 
motivation. 

Summary. All in all, in this section, we find that for the experi- 
mentalist ego-involvement remains fairly resistant to laboratory 
manipulations. We must admit, then, that our derived motives, 
mentioned earlier in the chapter, still remain quite obscure as far 
as defining operations by which we can manipulate them are 
concerned. The operations discussed here are the only ones avail- 
able to date. Undoubtedly future research will result in more 
definitive data on the relationship between ego-involvement and 
performance. Of this much we may be sure: there are enough 
psychologists who are ego-involved in the concept of ego- 
involvement so that further research will be undertaken. 

SUMMARY 

I. Motivation is an hypothetical process which we infer from 
certain changes in responses occurring as a result of certain 
changes in the stimulus conditions. The response dimensions from 
which we infer changes in motivation arc two in number: 

a, changes in tension or activity level 

b. changes in performance 

a. Learning and motivation are closely related. Certain prob- 
lems relating to motivation were discussed under the three func- 
tions which motivation is assumed to play in the learning process. 

These three functions are: 

a, energizing the organism 

b. directing behavior 

e. emphasizii^ or selecting responses 
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3. The problem of motivation as investigated in the laboratory 
as well as observed in everyday life includes the goal objects or 
incentives toward which behavior is directed. Other stimuli oc- 
curing consistently with a primary incentive, such as food, may 
also gain power to direct or sustain behavior for limited periods 
of time. These are called symbolic incentives. 

4. We have certain basic primary motives and others which 
we have called derived motives. In working with animals we employ 
primary motives; with human S% we are working largely with 
derived motives. The derived motives are presumed to be built 
upon primary motives by a process of learning similar to, but 
much more complicated, than that from which symbolic incentives 
are developed, 

5. Classes of stimulus manipulations which are believed to 
influence motivation were discussed. These manipulations are: 

a. deprivation time (used with animals) 

b. incentive variation 

(i) negative incentives (punishment) 

(3) positive incentives, including kind, amount, and desirability. 

e. competition or rivalry 

d. induced tension 

<. variations in set by instructions 

f, ego-involvement 

6. Three areas, especially, are in need of much more experi* 
mental work: 

a, negative incentive variation in huxnan S» 

b. induced muscular tension 

e, ego-involvement 
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INTRODUCTION 

Frustration is common in our society. It is revealed in the 
behavior which accompanies attempts to get something that is 
difficult or impossible to get. The social climber, uninvited to 
parties she would like to attend, indulges in malicious gossip; the 
golfer who shoots go, and who thinks he is able to shoot 8o, throws 
his clubs in the lake; the student who tries to get ^’s, and who 
consistently gets C’s, may change his major and forever condemn 
individuals in the area in which he had shown incompetence. 

Definitional problems. The study of frustration is an elabora- 
tion of the study of motivation, since it is concerned with behavior 
resulting from failure to satisfy a motive. Organisms are moti- 
vated in certain directions, i.e., motivated to solve a problem or 
to reach an incentive or goal-object. If the problem situation is an 
uncomplicated one, the organism, when aroused, “unfolds” a 
behavior sequence previously acquired and attains the goal-object. 
If the organism is in a relatively new situation for whidi it has no 
appropriate response immediately available, trial behavior occurs 
and the organism usually chances upon an adequate response. If 
in cither of these situations (during the execution of a learned 
response or during the acquisition of a new one) blocking or 
interference with goal-directed behavior occurs, we have the 
condition which may produce frustration. 

To define the stimulus changes necessary to produce frustration 
we refer to blocking or interference with a goal-directed behavior 
sequence. This is not an operational definition, however, for if we 
ask when an organism is frustrated, or ask what are the criteria 
used to determine when frustration is present, we run into danger 

soo 
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of circularity. Suppose, for example, we block or interfere with 
goal-directed behavior and observe responses which are not 
different from those which occur in the absence of blocking. Are 
we to say that this is not a fhistrating situation? If we say this we 
lose the meaning of our definition, for now we would be denying 
that the blocking of a goal-response is frustrating. To avoid this 
misconception we must again revert to an examination of the 
experimental operations used to study the phenomenon. 

To produce frustration JS blocks or interferes with goal-directed 
behavior. It is observed that, after blocking, the behavior of the 
organism deviates from or is not the same as the behavior which 
occurred when no blocking took place. This deviant behavior, 
deoiant eon^ared with that in a non-blocking situation, is what is called 
Jrustrated behavior. To define fhistration in terms of the opera- 
tions by which it is measured, we have to correlate both the 
stimulus manipulations and the response measurements. Conse- 
quently, we must define frustration as that which leads to the deviant 
behavior which is observed as a result of the blocking of or interference 
with a goal-directed behavior sequence. Thus, fmstration is another 
logical construct. When B blocks goal-directed behavior, and 
when such blocking results in deviant response (compared with 
a control group not blocked) we infer a state which is called 
frustration. 

If we put the definition in terms of an experimental and control 
group, it would appear as follows: 

Control Group: No Blocking 
Experimental Group: Blocking 

The behavior of the control group provides basal measurements, 
and any deviation from these measurements shown by the experi- 
mental group must be attributed to the difference in stimulus 
conditions, i.e., the blocking. It is unlikely that we have many 
conditions in which there is no blocking, so that difference between 
a control and an experimental group is one of difference in amount 
of blocking. If E believes he understands the behavior which 
occurs when blocking is relatively small in amount, he may not 
use a control group. The control group is always implied, how- 
ever, in making inferences concerning the influence of the 
blocking. 
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Background of research. Experimental work concerned with 
frustration and conflict (next chapter) is recent in origin, the bulk 
of it having been done during the last 15 years. Probably no other 
area has so much intrinsic interest for as many psychologists as 
does this area. For several reasons the work has special significance 
to psychologist and layman alike. 

1. An experimental analysis of the conditions producing abnor- 
mal behavior may shed light on the causal mechanisms producing 
the behavior with which the clinical psychologist and psychiatrist 
must continually deal. 

The work done thus far is at best only suggestive, and it will 
be well to caution ourselves on two points: (i) some of the work 
has been done on animals and, as already indicated, we cannot 
generalize to human behavior without reservations; (s) when 
minor behavior disturbances are produced experimentally in 
human ■S's we cannot be absolutely sure that this behavior is on 
the same continuum with abnormal bdiavior as defined by the 
psychiatrist. All we can say with regard to both points is that 
research results thus far seem very encouraging and there is no 
reason to quit work because reservations concerning its inter- 
pretation must be entertained. Whether we are getting at the 
same mechanisms as those present in serious abnormalities or not, 
the data collected embody important laws of behavior; thus, 
experiments in the area will be continued. 

a. Freud’s writings have had tremendous influence on thinking 
about human behavior. Since his work first became generally 
known to American psychologists there have been conflicting 
feelings concerning it. It was as though psychologists intuitively 
fidt t^t many of Freud’s insights, incorporated in such clinical 
concepts as repression, fixation, and so forth, were sound. Yet, 
for lack of what they would call reliable evidence, they were not 
guUibly accepted by objective-minded psychologists. Later experi- 
mental work has helped resolve some of &ese conflicts by showing 
that some, at l^ast, of Freud’s clinically derived mechanisms or 
concepts can be empirically substantiated. (See Sears, 338, for a 
comprehensive survey of objective data as related to psychoanalytic 
concepts.) 

3. Some experiments in this area have been concerned with 
group responses. That is, the responses observed were those of 
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a group of Js as a whole. These observations, plus those on indi- 
viduals, have provoked rather extensive theories to account for a 
wide range of group behavior, such as wars, lynchings, fascism. 
The theories have been experimentally oriented, and rather 
ingenious methods have been devised for testing the theories.* 

Terminology. We have defined frustration as a state we infer 
when deviant behavior follows the blocking of goal-directed 
behavior. In the previous chapter we defined motivation in terms of 
energy output. We must now state the manner in which the 
concept emotion is to be used, and how it is to be related to other 
concepts. 

Usually descriptions of frustrated behavior include changes in 
emotional tone. The terms applied descriptively to emotional states 
fall into two classes: (i) names indicating increased emotional 
tone, e.g., fear, anger, hate, excitement; (2) names indicating 
decreased emotional tone, e.g., apathy, dejection, ennui, lethargy. 
For our purposes these reported changes in emotional tone may he considered 
changes in motivation. In our discussion the terms may be used 
interchangeably, with high emotional tone names meaning high 
motivation, and low emotional tone names indicating low motiva- 
tion. This conception may run cormter to well-established habits 
of thought. At present, all that is asked is that the above point 
of view be kept in mind as we examine results from frustration 
and conflict experiments. At the end of the next chapter, after 
we have had oppoxtimity to examine experimental evidence, 
we shall detail reasons for the identifleation of motivation with 
emotion. 

Plan of the chapter. One of the major methodological problems 
in studying firustration is analyzing the responses to determine 
whether or not behavior deviations are produced. The bulk of the 
present chapter will be concerned with this problem. Initially, 
however, we must get an over-all picture of methods which have 
been used to block goal-directed responses, and we must silso 
preview the responses for which E usually looks. The chapter 
follows this sequence: 


* Most of this oqierimentation has stemmed from two sources, one centered 
at Yale University, and the other around the late Professor Kurt Lewin and his 
students. The work with groups of So has commonly been called group dynamict. 
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I. Methods used to produce frustration 

a. Major responses to frustration 

3 . Methods of response measurement and analysis 

4 . Stimulus variables influencing responses to frustration 

5 . Final considerations 

METHODS USED TO PRODUCE FRUSTRATION 

Interference with primary motive. Anyone who has tried to 
take a bone from a hungry dog knows that even the friendliest 
animal may show considerable irritation at this treatment. This 
behavior results .from interference with goal-directed behavior. 
The most nearly analogous experimental procedure with humans 
has consisted in literally taking milk from a baby. Hungry infants 
were allowed various amounts of milk and then the bolde was 
taken away (248), The infants’ reactions were observed to deter- • 
mine the relationship between strength of motivation (assuming 
that the more the baby had drunk the less the motivation) and 
reactions to the interference. 

In another experiment interference with a primary motive was 
accomplished by forcing adult iSs to stay awake all night under 
rather trying circumstances and then noting their various reactions 
(341). The sleep motive can become very powerful, and inter- 
ference with its satisfaction may result in deviant responses indicative 
of frustration. 

Physical obstructions. This method is not easily employed 
with adult Ss, but is commonly used with children and animals. 
,Even so, one experiment (loi) has been reported in which adult Ss 
were frustrated by physical barriers. These Ss (in groups) were 
placed in an attic room. Unknown to them the exit door was 
locked. E arranged to have a fire “break out” and then observed 
reactions through a one-way screen in the roof. This situation is 
probably the nearest to a panic situation that has ever been set 
up in the laboratory. 

In working with children, E places a physical barrier between 
the child and a much-desired object. In one study (10) children 
were allowed to play with a collection of new and interesting 
toys for a few minutes. Just after the child had become engrossed 
in the new toys, he was removed to the other end of the room 
and a wire-mesh screen dropped as a barrier preventing his 
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reaching the toys, but not from seeing them. In another instance 
the toys were placed under a box which was too heavy for the 
rhilH to move (i88). Most children will not remain calm and 
dispassionate in such situations. 

In working with animals the obstruction technique is common. 
For example, young chimpanzees were taught to find food in 
cans moving along an endless belt. After this “expectancy” was 
well established a trap door would close over the can just as the 
animal reached for the food (143). 

Note that in the above situations Sa are totally prevented from 
reaching the goal. This represents a major difference between a 
frustration situation and a simple learning experiment. In a learn- 
ing situation, such as a maze, there are obstructions between the 
a nim al and the food, but by appropriate search the animal can 
eventually reach the food. Thus, the usual learning situation may 
be thought of as one in which the organism is temporarily blocked 
and the frustrating situation one in which duration of blocking 
is somewhat longer. 

Artlfidally producing failure. With human iSk, especially 
adult Ss, producing failure usually involves, interference with the 
self-esteem motive, or, if you prefer, the blocking of an ego-motive. 
There are several ways by which this may be accomplished. 

I. Setting Unobtainable Standards, This method uses situations in 
which it appears to S that he should be able to complete a task 
or solve a problem, but actually he can’t. In one experiment a 
tapping task was used (i). In this test S held a metal stylus in 
his hand and attempted to tap a steel plate as rapidly as possible 
(the movements were vertical). Each tap completed a circuit to 
activate a counter. To produce frustration E set another counter 
so that it worJd revolve at a speed slightly greater than S could 
drive his coimter by tapping at high speed. S was instructed to 
keep up with the pacer counter. 

In another experiment children were instructed to learn a series 
of numbers (i86). The numbers were projected on a screen, one 
at a time, with S trying to anticipate the number before it ap- 
peared. The series was repeated imtil S could anticipate correctly 
all the numbers in the series. This training program continued 
with the number series gradually being made more difficult by 
increasing their length. S was able to learn each series, however. 
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Finally, on the frustration day, E made the series still longer and 
then from trial to trial changed certain digits in the middle of the 
series so that it became impossible to learn. Since the series was 
quite long, and since S had been successful in learning on previous 
days, E was able to do this in most instances without 5 ’s suspecting 
that he was being hoodwinked. 

2. Fdsifying Scores, This method may be used in conjunction 
with the level-of-aspiration technique (see previous chapter). S is 
asked to indicate what score he is going to make on the next trial. 
E then reports to S that he (S) failed to score as high as his stated 
aspiration. For example, in one experiment Si sorted playing cards 
into four boxes, one for each suit, as fast as possible. On each suc- 
cessive trial they were asked to estimate what score they hoped to 
make on the succeeding trial. Regardless of the score actually 
made by .S', E consistently reported it lower than the aspiration 
score (336). The method may also be modified by telling S that he 
must make a certain score before the experiment is complete, and 
then by falsely reporting the scores, seeing to it that S never 
reaches that score. 

3. Condemning S as Inferior. When S is made to fail by falsi- 
fying scores, frustration can be enhanced by E’s condemnation of 
S for doing so poorly. Thus, in an experiment on card sorting, S 
was forced to fail by falsifying scores, and after each trial E would 
berate S for his stupidity and for spoiling his experiment (227}. 
This method presumably can be very effective if adequate self- 
defensive measures are taken by E, 


4. Combinations of the Above. Ea have compounded the frustrating 
situation by using several methods simultaneously. In one procedure 



a. S was told that the task was a measure of intelligence. (When .S' was 
Caused to fail it would amount to calling him stupid.) 

i. S knew he was being observed through a one-way screen by a number 
of psychologists who were ostensibly making notes on his behavior. 

e. S was sitting so that photo-Hood lights fell directly on him; he was 
told that all reactions were being photographed, 

d, S was told that he would be given electric shocks whenever his 
performance fdl bdow “our standards.” Then he was given shocks 
periodically regardless of how well he did. 
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Procedures (6) and (c) above require that S perform in a situation 
which is extremely distracting. Extreme distraction may by itself 
be used to produce frustration even without such additional factors 
as Hling S that the task measures intelligence, that people are 
watching, and so forth. The requirements are only that S be 
motivated to reach a goal and then encounters conditions which 
markedly retard or prohibit him from reaching that goal. 

Creating a conflict situation. When stimuli for two incom- 
patible response tendencies are present simultaneously, we have 
a conflict situation. We will consider conflict one means of inducing 
frustration, and because of the distinctive nature of the work we 
will allot the entire next chapter to its study. 

These, then, are the major methods which define the stimulus 
situations evoking deviant responses and allow us to say that frus- 
tration is apparent. Details of the methods will be brought out in 
the material to follow. 

MAJOR RESPONSES TO FRUSTRATION 

There is no general agreement on what behavior should be 
expected in a frustrating situation. No classification of responses 
has been generally accepted. However, there are certain mechan- 
isms of adjustment (learned response patterns) which arise in 
most frustrating situations and with which we should be familiar 
before examining the methods of measurement. Knowing these, 
we will at least have an idea of what Ei are looking for. Some of 
the names have their origin in psychoanalytic literature, and the 
experiments reflect in part the pursuit by experimental psycho- 
logists of objective evidence for the mechanisms derived from 
clinical case studies. We will indicate only the major mechanisms 
and give a brief description of the behavior they symbolize. 

I. Aggression. In its most restricted meaning this term refers to 
the tendency for S to attack the source of blocking. It indicates 
hostility and is often accompanied by emotional states of anger 
or hate. We will, however, use the term in a broad sense. In our 
society aggression will often take much more subtle forms than 
those of direct attack. The aggression may be displaced or projected 
away from the actual source of bloddng. 

In a theoretical outline to guide research in the area of frustration. 
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a group of Yale University psychologists postulated that in« 
hibition of direct aggression is due to fear of punishment (8i). 
While it has been difficult to get experimental verification of this 
principle, there is every reason to believe that it represents a 
fundamental relationship. Anecdotal evidence will give abundant 
support to the hypothesis. Enlisted men seldom strike an officer, 
yet as many can testify, there have been situations in which the 
impulse to physical attack was certainly powerful. For some reason 
this impulse was inhibited, probably by the knowledge or experience 
of the punishment which one receives for such attacks. Overt 
physical aggression, of course, will seldom break out in the experi- 
mental situation. Instead, the aggressive impulses will show them- 
selves in indirect ways. 

s. Withdrawal, Another way of reacting to a frustrating situa- 
tion is to get away from it. This may involve actual physical 
withdrawal or it may take the form of a psychological withdrawsd. 
Of the latter, we may identify three kinds, 

a. Regression, Regression means a “going back”. This refers to 
the fact that organisms under stress may revert to a behavior 
that was appropriate at an earlier age level. Extreme cases of 
psychotic regression show adult patients behaving as children in 
their play habits and speech. Sheer physical withdrawal itself may be 
a form of regression. Needless to say, such extreme behavior as 
found among psychotic patients is not produced in the laboratory. 

A laboratory definition of regression allows one to point out 
specifically the behavior to which the organism reverts. This is 
accomplished by requiring the organism to learn one habit as a 
response to a situation, then replacing it with another habit. 
Following the acquisition of the second habit the organism is then 
frustrated in (prevented from) making this second response. Re- 
gression takes place if the first learned habit reinstates itself. 

b. Apathy, This word suggests that motivation to obtain a goal 
is reduced. It is a form of motivational deterioration and will 
occur after rather prolonged failure. Excessive day-dreaming is 
often found as a concomitant response. 

e. Repression, This word is used to describe the inordinate forget- 
ting which may result from amdety-producing situations. It is as 
though painful anxieties are avoided by “ignoring” the situations 
which evoke them. 
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3. Fixation. In certain frustrating situations, usually involving 
intense punishment, response tendencies may become very strong 
and rigid. Since responses do not become as resistant to change 
in the ordinary lear nin g situation, these fixations may be considered 
deviant responses. 

4. Miscellaneous. The above mechanisms are the common 
ones produced experimentally. A few miscellaneous mechanisms 
will come up in our discussion. Most, but not all, mechanisms are 
adjustive in some degree because they tend to protect the indi- 
vidual from failure in one way, if not in another. RaHonalizatiorif 
for example, tends to accomplish this by providing excuses for 
behavior. On the other hand, blocking of goal-directed behavior 
may in some cases result in excited, tense behavior which shows 
little finesse or rationality. Problems are attacked without de- 
liberation as if in effort to solve them by sheer force. Such a response 
may be described as a bulldozing response and appears to be relatively 
non-adjustive. 

It must be clear that the above listing of response mechanisms 
is not intended as a classification system. The concepts are offered 
only as a descriptive guide to help us in understanding the results 
of experiments which will be presented in this and the following 
chapter. Operational definition of the mechanisms will be given 
via description of the methods used to measure them. 

METHODS OF RESPONSE MEASUREMENT AND 
ANALYSIS 

Unfortunately, the responses which result from frustrating 
situations are not simple by any means. They are not always 
behavior segments which can be categorized and therefore counted; 
they are seldom right or wrong, nor can they be recorded by 
mechanical means. Experimentation in this area is still largely 
in the exploratory or I-wonder-what-would-happen stage. Several 
techniques of measurement have been tried; some have proven 
successful, others not. This section will give an over-all perspective 
of these methods. 

Analysis of Verbal Responses 

An experiment by McClelland and Apicella (227) illustrates a 
method of analyzing responses to frustration entirely on the basis 
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of verbal behavior. The purpose of the experiment was to produce 
and classify as wide a range of verbal responses to frustration as 
possible. First let us understand the stimulus situation. 

The immediate E in this experiment was an undergraduate 
student who stood in somewhat prestigehil position with other 
students. He asked a group of them to serve in his experiment, 
to help him get through a course in psychology. Some were good 
friends, others were only acquaintances of E. In any event, “the 
subjects were motivated to perform in such a way as to please 
him” (p. 377 ). 

The task used was card-sorting. iSs were told that they would 
finish whenever they were able to sort the deck in 45 seconds. 
The level-of-aspiration technique was employed, S estimating 
what score he would make on each successive trial. in reporting 
the scores to 5, falsified than so that on two out of every three 
trials S did not attain the aspiration score. This alone is supposed 
to bring feelings of failure and frustration. In addition to this, 
however, E made sarcastic comments about 5*6 poor ability. These 
comments were of four types and are worth quoting to get a 
dear picture of an unusual experimental method. The remarks 
refer to what E said to S at various times during the card-sorting 
trials. 

a. Galling attention to failure, e.g., “Not too good, you screwed that 
one up, failed that time, that’s one fidlure.” These comments grew more 
intense as the failure continued. “That’s four times you flunked. That 
stinks.** 

b. Comparing the subject, to his disadvantage, with the group, e.g., 
“You’re far the wont I’ve had yet” 

e. Complaining that the subject is ruining the C3q)eriment, e.g., “You’re 

ruining my whole experiment, G d it! G , I’ll never pass 

this course with these lousy re^ts.” 

d. Becoming aggressive toward the subject and attacking him directly: 
“You dumb b . You failed, you stupid s .” (p. 378). 

Two groups of 14 5s each were run. The second group was 
subjected to even more severe comments than those indicated 
above. This was done in an attempt to produce a greater variety 
of responses. 

The responses recorded were the verbal reactions of S during 
and between the card-sorting trials. This recording was done by 
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£ in the expcrinxental room and by another E who listened ^ough 
a speaker attached to a hidden microphone in the experimental 
room. Of the a8 Sa, all but one gave verbal reactions which could 
be classified. The mean number per S was 6.46. 

After examining the responses, E devised a classification system 
for categorizing the recorded verbal reactions. The implication 
of statement was studied and placed in one of the various 
categories. The question immediately arises as to the reliability 
of the ela Mificatinn. Unless there is high agreement among different 
judges, the implication of the response is statistically ambiguous. 
Although no thorough check was made by having several 
neutral judges classify the responses, the two £s agreed very 
closely the categories into which reactions were 

placed. 

We not reproduce the taitire dasinfication table and illus- 
tradons as they arc given in the original report, but a small portion 
is shown in Table 15. 


TABLE 15 


IlXOSTRATION OF BEHAVIORAL OaTEOORIES AND ReUARKS 80 CLASSIFIED 
IN THE MoGlELLAND-APIOELLA EXPERIMENT (227) 


Responses 

Sample Renmrks 

Directed at Self 

“G , I'm goodl” 

“1 know I failed you s 1” 

Directed at E 

Directed at Cards 

"Gome here, you b 1” 

Directed at Psychology 

"Thank G — — , I don’t take this stufFl” 

Withdrawal Responses 

"That’s about the best I can do.” “I can’t get 
it.” “Have I got to stay here ’til I get 45?” 
"You couldn’t take me away from this for 
awhile?” 

Rationalization 

"I could do better if I couldn’t see you.” “I 
didn’t get enough sleep last night.” "It’s too 
hot.” 


According to our basic definidon of frustration we must include 
some norm from which deviations are measured. This would 
be a control group working at the same task but having no frus- 
tration techniques applied to them. A third group of 14 iS's served 
as such a control in this experiment. While the classification of 
the verbal reactions of this group is not given, it is mentioned 
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that only a6 verbal reactions were given by all Ss in the group. 
Compared with the mildly frustrated group which gave 50 responses, 
and the strongly frustrated group which gave 131 reactions, there 
can be no doubt that the technique produced deviations in verbal 
behavior. It is presumed that not only is there a deviation in 
ninnber but also in kind and intensity. 

The frequency with which a given kind of reaction is reported 
depends upon the reliability of a classification system as well as 
its structure. Because of this, amounts and kinds of reactions to 
frustration in any given experiment must be interpreted cautiously; 
also, inter-experimental comparisons are almost impossible. In 
this particular experiment, by combining categories to allow a 
liberal definition of aggression, it was shown that 40 per cent of 
the responses in the first group were aggressive in nature as were 
48 per cent in the second group — the one most severely treated. 
About I a per cent of the responses were classified as withdrawal 
responses in both groups, with the remainder scattered among 
several other categories. 

Analysis of Verbal and Motor Responses Combined 

In the previous experiment behavior was analyzed on the basis 
of verbal responses, with little attention paid to other behavior. 
Since a verbal response may have different meanings in different 
contexts, additional aid in interpreting the reactions should be 
given if non-verbal behavior is recorded simultaneously. This is 
the method used by Zander (426) on 34 fifth- and sixth-grade 
children. 

The method used by Zander consisted in presenting S with a 
problem which he would fail to solve because the problem was 
insolvable. For three days S learned series of digits flashed on a 
screen. One digit at a time was shown and S was given 3 seconds 
to guess what the next number would be. By repeating tihe series, 
S could anticipate the numbers before they were shown. On each 
of the three practice days which consisted of 15-minute work, E 
made the situation such that all 5 s were successfrd, i.e., they 
learned all series. The length of the series was increased gradually 
on the first three days until on the fourth day it was made long 
enough so that E could change a dipt or two in the middle of 
the series from trial to trial without 5 ’s suspecting. This, of course. 
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forced failure. If we consider the first three days as control days, 
and the fourth day as experimental day, comparison of behavior 
on the control days with the experimental day should give a 
measure of frustration. 

The behavior of S was recorded by an observer seated in the 
experimental room. The observer was known to the children, and 
since most of them had been used in other experiments, they were 
accustomed to being watched and tested. The observer wrote 
down everything S did and said. In addition, three “time samplings” 
of gestures and other signs of bodily stress were made during each 
experimental period. Each sample was r minute in length, taken 
during the snd, 8th, and 14th minutes of the i5>minute period. 
Time sampling is based on the same theory upon which all sampling 
is baaed; namely, truly random samples will allow one to generalize 
to the population (total behavior) from which the sample is drawn. 
Both the general observations, taken throughout the rs-minute 
period, and the time-sampling data were used in evaluating the 
effect of the stimulus situation. 

In analyzing, effects of failure, the protocols for each day for 
each child were scrutinized, with verbal behavior taken in con- 
junction with non-verbal behavior. A classification permitting the 
calculation of per cent of Ss showing a given kind of behavior 
was evolved. E made the judgments concerning classification. 
Some of the data are shown in Table 16. 


TABLE 16 

Pbr Gent of Sa Showing Various Reactions to Frustration in 
Zander’s Experiment (426) 


Behamr 

Ut Day 

2ndDqj) 

3rd Day 

4th Day 

Aggression 


21.2 

25.5 

25.9 

Withdrawing 

5.7 

5.7 

10.1 

34.8 

Non-Adjustive 

38.4 

34.2 

36.0 

44.2 


Withdrawing behavior was assumed in cases where there was 
inattention, pouting, crying, and reduced volume of voice. Non- 
adjustive behavior which is much the same as that which we have 
called bulldozing behavior was illustrated by blushing, sighing, 
intense effort, and general bodily tension. 
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It 'will be noted in Table i6 that there is marked increase in 
withdrawing on the fourth day and some increase in non-adjustive 
behavior. Zander indicates that the cooperation with E dropped a 
great deal on the last day, indicating an indirect manifestation of 
withdrawing behavior. The situation took on some frustrating 
aspects even before the fourth day. For the most part the children 
did not like the task and actively resisted serving as Sa. Table t6 
shows little evidence of an increase in aggression on the fourth 
day. However, Zander presents information suggesting that 
aggressive tendencies were present even though they were not 
evinced in the ejcperimental room. For example, one boy, after 
the fourth session, returned to the classroom and immediately 
started a fight, although he had shown no aggressive behavior in 
the experimental room and the teacher indicated that starting 
fights was alien to his usual behavior. It is worth noting also that 
Zander became extremely unpopular among the students in the 
school. To quote him: 

Individual cases of hitting the writer, making faces at him, calling 
names, aggressive remarks, and even kiddng him were frequent during 
the weeks of the study, happening at least once a day as he passed through 
the class room or the hall (p. 36). 

It is difficult to establish definitely that the source of these rela- 
tively uninhibited aggressions was the frustrating experimental 
situation to which the children had been exposed, but it is a 
reasonable hypothesis. One class became so unmanageable while 
serving in the experiment that it was deemed wise to use no more 
.Sis from the class. Thus, while the records taken in the experi- 
mental room do not show any progressive changes in aggression, 
nor any sudden changes on the fourth day, there is reason to 
believe that aggressions were present which “worked themselves 
out” outside of the experimental room. 

Measurement by Projective Tests 

We have discussed the reason why aggressions may not be 
openly displayed in our society. Projection is a mechanism which 
allows for the displacement of aggression; it is presumed to allow 
S to “disown” the tendencies. For example, a boy says that a 
neighbor’s son is trying to “beat up on him.” This might indicaite 
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the attribution to another of aggressive tendencies which he him- 
self feels. Descriptively, it is as if by allotting the aggression to 
others, he himself gets rid of it. In a previous chapter (V) we have 
seen how motivation may influence one’s perception. What one 
sees is not solely a function of the objective situation. Now, if 
there is a tendency to displace aggression because direct, overt 
aggression is punished in our society, and if frustration produces 
aggression, and finally, if our perception is influenced by such 
aggressive tendencies, it might be worth while to frustrate indi- 
viduals and provide a standardized medium through which 
aggressive tendencies might be filtered. The projective tests may 
be used for such purposes. 

The best known of projective tests is the Rorschach Ink Blot 
Test (14). iSs are shown a series of ink blots and are asked to indicate 
what they “see” in these blots. After such a test is given to a great 
many people, norms can be prepared, and responses which are 
rarely given may be considered deviant responses. Another pro- 
jective test is called the Thematic Apperception Test (a66). This 
test consists of a series of pictures, usually suggesting a traumatic 
situation. For example, one picture shows a surgical operation in 
progress, with a young man the dominant figure. Another shows 
a lad on a couch with a pistol nearby. S is asked to write or tell 
a short story around each picture. Whether or not the story- 
response is considered deviant depends upon how much the 
central theme of the story differs from stories told by others. The 
Thematic Apperception Test was used in the following experiment 
conducted by Beliak (15). 

Ten pictures and 10 adult Ss were used. S was given 5 cards, 
failure was introduced, and then 5 more cards were given. Will 
the themes of the first 5 stories diflTer from those of the second 
5 ? In order to get a scientific answer to this question, we would 
have to consider the story-evoking powers of the cards as such. 
Do we know that the five car<hi first used evoked stories com- 
parable to those evoked by the second five? Unless this problem is 
considered, differences in the stories before and after frustration 
might be ascribable to the cards as such and not to the frustration. 
There are three ways to handle the problem; (i) Two equivalent 
sets of cards may be discovered by empirical try-out. If it can be 
shown that themes written around the two sets are fundamentally 
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equivalent, one set can be given before frustration, the other after. 
(3) If it is shown that the same set of cards is responded to in 
approximately the same fashion on two successive occasions ivith* 
out intervening frustration, or if the amount of change from one 
testing to a second testing is Icnown, then the same set of cards 
could be used before and after frustration. (3) The cards may be 
counterbalanced, as was done by Beliak. Five & were given cards 
1-5 before frustration and cards 6-10 after frustration. Five other 
Ss were given cards 6-ro before frustration and cards 1-5 after 
frustration. Thus, each card was used equally often before and 
after failure, and differences in the responses for all 10 .Ss com* 
bined cannot be attributed to differences in the cards themselves. 

" After the start of the experiment, the following instructions were 
given S: 

This is an opportunity for free imagination. I want you to make up 
a story. Tell me what has led up to the situation shown in the picture, 
describe what the characters are feeling and thinking, and tell me what 
the outcome will be. Speak your thoughts out loud as they come to your 
mind. Use your imagination freely, and make up anything you please 
(p. 356)- 

After each S had told stories for 5 cards, E frustrated, or at 
least attempted to frustrate him by telling him that the stories 
were almost the worst he had ever heard. Then the other 5 cards 
were given. 

£’s measure of deviant response was the number of aggressive 
words given in verbatim recordings of the stories for the last 
5 cards as compared with the first 5. These stories were given 
to two judges who did not know about the experiment, with 
instructions to count the number of aggressive words in each 
story. The mean number of aggressive words before frustration 
was 18.6, after fhistration, 33.7. Testing this for significance a 
difference so large would be expected about once in 30 times if the 
true difference were zero. It would appear that the frustrating 
situation, imposed after the fifth card, had produced a reliable 
increase in the number of aggressive tendencies as measured by 
the expression of these tendencies throughout the stories. Since 
somewhat similar results have been found by Rodnick and Klebanoff 
(318), we may consider the projective-type test a promising 
instrument for measuring reactions to frustration. 
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Measurement by Questionnaire and Ratings 

This method has been used primarily in the hope that it would 
measure displaced aggressive responses. The rationale of the 
method seems sound. Supposing, for example, S rates a series of 
professions according to the esteem in which he holds them. Let 
us indulge in a litde wishful thinking and say that psychology 
ranks at the head of the list. Now, this group of Ss is subjected 
to a very frustrating situation by a psychologist. Immediately 
after, ■S's are asked to rank the professions again. It is reasonable 
to suspect that psychology would no longer be at the top. The 
assumption would be that frustration by a psychologist generated 
aggression toward psychologists as a whole and that this would 
be reflected in the ratings. 

The method, however, has not always been successful. We shall 
consider one illustration in which the method has proven dis- 
criminating and another in which it has not. 

Displaced aggression in an attitnde questionnaire. The 

31 Ss used by Miller and Bugelski (261) were workers at a summer 
camp, their ages ranging from 18 to 20. The frustrating situation 
to which they were subjected is described as follows: 

As a part of the educational program of the camp they were going 
to be required to take some long, uninteresting tests most of which were 
so difScidt that everyone would be bound to fail miserably. Furthermore, 
the tests would be certain to run far overtime so that the young men 
would miss what they looked forward to as the most interesting event of 
the otherwise dull week; b^lnk night at the local theatre, which was awaited 
with special eagerness on the occasion because one member of the group 
had won I200.00 the preceding week (pp. 437-438). 

An attempt was made to measure the displaced aggression 
generated in this situation by determining the attitude of iSs 
toward Japanese and Mexicans before frustration and again after 
frustration. Even before the war, when the experiment was per- 
formed, Mexicans and Japanese were considered by many to be 
out-groups and prejudice existed toward them. 

Attitudes toward these two groups were measured by a check 
list of 20 traits, 10 of which were desirable and 10 undesirable. 
Ss were asked to indicate a plus if they considered that these 
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traits were present in the average Mexican (or Japanese). They 
weare not to check the words which didn’t apply. Examples of the 
desirable traits are friendly, smart, and patient, and of the undesirable 
traits, dirty, stubborn, and dangerous. The following sequence of 
events took place: 

1 5 : First Rated Mexicans — ^Next Were Frustrated — Then Rated Japanese 

16 Js : First Rated Japanese — ^NcXt Were Frustrated — ^Then Rated Mexicans 

Since there was Kttle difference between the two sub-groups the 
data were combined; the basic attitude measure was the number 
of favorable traits checked. Before frustration, a mean of 5.7 1 
favorable traits were checked, as a consequence of frustration, 4.11. 
If the true differences were zero, a difference as great as this 
would be expected, i.e., would occur by chance, only three times 
in 100. Before frustration, 3.93 utfavorable traits were checked 
as characteristic of the two nationalities, as a consequence of 
frustration, 3.36. The difference between these two means is not 
significant. It is necessary, of course, to use a control group to 
determine changes that occur without the intervening frustration. 
Results from such a control group (N not specified) showed slight 
changes in the opposite direction from those above, i.e., a slight 
increase in number of favorable traits. 

The authors assert on the basis of comments made by Ss, and 
from general observations during the experiment, that aggression 
was present. The data suggest that this aggression may have shown 
itself against objects (people) which had nothing to do with the 
frustration; hence, evidence for generalization or displacement of 
aggression. 

Failnre of paper and pencil tests to measure aggression. 

In an experiment by Sears, Hovland, and Miller (341), paid Ss 
were asked to report to the laboratory for an all-night study of the 
effects of fatigue on physiological processes. At the laboratory •S's 
were confined in a relatively bare room, were not allowed to 
smoke, were promised meals at various times but no meals came, 
and were, for various periods, required to sit still without any 
form of amusement. Such conditions prevailed throughout most 
of the night, and Ss were not allowed to sleep. Several paper and 
pencil tests were administered before the frustration period and 
again late in the night at a time when frustration appeared to be 
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near a peak. These tests involved the objective measurement of 
such factors as the humor of jokes, the rating of friends on certain 
traits, the amount of annoyance produced by common happenings, 
and so forth. 

Es were unable to find any evidence of frustration reactions as 
measured by these pencil and paper tests. There was no sign 
of increases in amount of aggression, yet from observation, aggres- 
sion was clearly evident in Ss’ behavior. It was Ea' belief that 
two factors operated to prevent the aggression from showing 
itself in the tests: (i) the social situation, in which faculty mem- 
bers were in charge, may have produced marked inhibition of 
aggression in these paid •S's; (2) the tests themselves may have 
acted as stimuli to induce a “test set,” by which habitual patterns 
of behavior were reinstated, obscuring or replacing aggressive 
tendencies. 

That the situation did produce some aggression is supported by 
the following incident summarized in another report of the same 
experiment: 

. . .one of the subjects produced two sheets of drawings in which violent 
aggression was represented in an unmistakable manner. Dismembered 
and disemboweled bodies were shown in various grotesque positions, some 
drowned, some hanging, some merely stabbed and bleeding, but all 
portraying shocking injury to the human body. Furthermore, when the 
creator of these pictures was asked by another subject, who the people 
represented in the drawings were, he replied, “Psychologists!” And his 
fellow sufferers were all obviously amused (81, p. 45). 

It is the opinion of these Es that time samples or records of 
actual behavior in the frustration situation (as represented by the 
above incident) will in the long run be more valuable than paper 
and pencil tests as measuring instruments. The study itself suggests 
that college students will inhibit, or at worst, displace, tendencies 
of aggression toward faculty members. That is fortunate. 

Measurement in Terms of Performance Changes 

This method attempts to answer the question: “How does frus- 
tration affect performance on a standardized task?” The method 
may or may not be concerned simultaneously with deviations dis- 
cussed thus far, e.g., aggression or withdrawal. Nevertheless, an 
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answer to the question is important for the better prediction of 
behavior. 

Regression in children. A study by Barker, Dembo, and Lewin 
(lo) is somewhat hybrid with regard to placement under a given 
method. The method of gathering the data illustrated continuous 
recording of behavior during frustration, but the major quantitative 
index concerned performance level. 

The 30 pre-school children used in this study ranged from 38 
to 61 months of age. Before starting the experiment Es spent to 
days at a pre-school getting acquainted with •S's and taking part 
in their activities. No S was used unless he wanted to go to the 
experimental room. Each S served in two sessions. On the first, 
he was brought into the experimental room to determine his 
behavior under non-frustrating (control) conditions. Toys were 
available, and for 30 minutes the child played with these toys 
without JS’s participating except as necessary to make the child 
feel secure. E, for the most part, sat at a desk and recorded a run- 
ning account of the child’s play. An observer behind a one-way 
screen independently recorded what happened. The observer and 
E alternated in their r6les from S to S. 

When the child arrived for the second session he found that an 
opaque partition in the experimental room had been removed and 
that behind this partition was a group of new and exciting toys, 
including a large and elaborate doll house, a small lake with an 
island, lighthouse, beach, ducks, etc. The toys with which the 
child had played on the preceding day were scattered among 
the new toys. S immediately became engrossed in the new toys. 
After E was sure that the child had seen all the new toys and was 
thoroughly enjoying himself with them, he picked up the old 
toys (the ones used on the first day) and took them to the other 
end of the room (the section used on the first day) and placed 
them just as they had been previously. Then the child was asked 
to come and play with the old toys. After the child had left the 
new toys for the old ones, a wire-mesh screen was lowered to cut 
off the end of the room holding the new toys. 5 , at this point, 
said only; "You can play on this side now” (p. 60). The child 
could now see the new toys but could not get to them. This con- 
stituted the frustrating situation. S remained in this situation for 
30 ixiinutes, exactly the amovmt of time spent in the same room 
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during the first session. Deviant behavior was determined by 
comparing behavior on the first day with that on the second. 

The basic measure used to determine change in performance 
was called “constructiveness of play." This is defined as “the 
degree of creativeness, elaborateness, or complexity of an activity" 
(p. 108). Obviously, a two-year-old child does not play in the 
same manner that a five-year-old child plays. The older child is 
more creative, drawings are more complete, and his imaginal 
processes in general are more elaborate. Thus, constructiveness 
of play, if quantified, should increase as chronological age increases. 
Furthermore, since mental age normally increases with chrono- 
logical age, all three measures — constructivencss of play, chrono- 
logical age, mental age — should be highly correlated. Finally, if 
regression occurs in this situation, it might be measured in terms 
of lower constructiveness of play in the second experimental 
period as compared with the first. This would indicate reversion 
to a form of behavior appropriate to an earlier age level, or 
primitivaiion, as it is called. The immediate problem, then, is to 
determine a reliable index of constructiveness of play. 

In order to quantify the play index, units of behavior for each 
child were typed on cards. Note that these were units of behavior; 
not time units. Thus, if a child spent loo seconds playing with a 
doll and then moved on to play with a truck, the play with the 
doll constituted a unit of behavior. The same would have been 
Ixue had the child spent soo second playing with the doll. Typed 
on the card for each unit of play was the merged account taken 
from the independently written records of the two Es. Three 
judges conferred on the behavior indicated on each card and 
ranked it along a seven-point constructiveness-of-play scale. Each 
rank order was assigned a numerical weight, wiA two being the 
lowest weight and eight the highest. These two extremes may be 
illustrated from the protocols: 

Low eonstructivmess, numerically s: “Sits on floor and takes truck and 
trailer in band” (p. los). 

High constructivmess, numerically 8; “Detaches trailer, uses it as incline 
against ironing board. Runs truck up, carries it farther and farther, and 
lets it go. Looks to experimenter for approval, smiling. 'Did you see it? 
Now watch it.’ Pushes truck across floor, big push. Hits E. ‘See how fkst 
it goes!’ ‘Chugs’ it over to observer’s window, looks underneath, ‘Chugs’ 
to table, to barrier, 805 seconds” (p. 104). 
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The constructiveness-of-play scale was shown to have high 
reliability, i.e., behavior units would be rated about the, same at 
different times. Too, the scale was shown to correlate quite highly 
with mental age and chronological age. Hence, the instrument 
may be used to determine whether or not regression took place 
during the second experimental period. The evidence is positive. 
During the first experimental session the mean constructiveness 
of play for all Sa was rated 4.99, whereas during the 30 minutes 
following the lowering of the partition the mean constructiveness 
of play in the same room with the same toys was 3.94, a differ- 
ence which is highly significant statistically. Since constructiveness 
and mental age are highly correlated, the results could be expressed 
in terms of mental age units. The mean regression in terms of 
mental age was 17.3 months. Roughly speaking from the estimate 
of regression actually obtained, a frustrated five-year-old child 

would be about as constructive as a nonfhutrated three-and-one- 
« 

half-year old. 

It may be questioned whether or not this particular experimental 
design is adequate. No control group was used, and it is con- 
ceivable that the measured decrease in constructiveness of play 
would have taken place even had frustration not been introduced. 
For example, if a child is “forced” to play with the same toys for 
60 minutes (two 30-minute periods), he might gradually become 
bored with them and his play become less constructive. A control 
group given the two 30-minutc periods of play, without frus- 
tration before the second period, would have given a check on 
this possibility. In defense of the experiment as performed, it 
should be said that the data show constructiveness remained about 
constant during the first experimental session. Thus it could be 
argued that there is no regular change in constructiveness without 
frustration. However, such a change might have been observed 
during the second period had such a play period been given with- 
out prior frustration. Also it might be said that a second period of 
play without frustration might have shown a rise in constructive- 
ness, in which case the data as given imderestimate the amount 
of regression. The main point, however, is that for adequate 
quantification, a control group must be used as a base firom which 
deviation in behavior of an experimental group can be measured. 
The published report contains many other references to frustra- 
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tion in terms of aggressive behavior, emotionality, and so forth, 
but this in no way demands that regression take place. 

Frnstratiou and mental age. The data above suggest that if 
we measured directly we would find a decrease in mental age as a 
consequence of a frustrating situation. This hypothesis has been 
put to test by Lantz (sio). 

Sb were school boys with a mean chronological age of nine and 
one-half years. All experimentation was done individually after 
proper rapport with each S had been established. First aU ■S's were 
given a part of one form (L) of the Stanford-Binet intelligence 
test. Then, one group was allowed to succeed at a game and 
another group was failed. Immediately after success or failure 
both groups were given another form (M) of the intelligence 
test. Data were also available on a third group which had taken 
both forms of the test with neither success nor failure intervening. 
Let us summarize the procedures for the three groups: 

Group I (N = 107) Form L . . . Succeeded at Game . . . Form M 


Group 11 (N = 105) Form L Failed at Game Form M 

Group III (N 108) Form L Form M 


TABLE 17 

Emcr OF Success and Failure (Frustration) on Intzluobnge 

Test Scores 


Group 

j Form L j 

j FormM 

Mtm 

Jrurtase 

M 

S.D. 

M 

S.D. 

I 

6.31 

2.04 

7.60 

1.44 

1.29 

II 

5.56 

2.11 

5.46 

2.02 

—.10 

III 

5.93 

2.20 

6.83 

1.99 

.90 


Data from Lantz (210). 


Table 17 shows the basic results. Let us examine these carefully. 
The total score which could be made on either test was 9. We 
note that the mean score for Group I is 6.31 on Form L whereas 
the mean for Group II is 5.56. The difference, .75, is significant 
statistically, i.e., if the true difference between the groups were 
zero, a difference this large would be expected only once in 100 
times by chance. In short, the two groups were different in per- 
formance before the variable was introduced. 
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What could account for this difference? There are two pos- 
sibilities: (i) the two groups were not random samples from the 
same population, or (a) B treated the two groups differently 
when administering the first test (Form L). The second inter- 
pretation is a possibility since other data show that the two groups 
were roughly equal on a full-fledged intelligence test. Why would 
they be equal on one intelligence test and not on the other, assum- 
ing the correlation to be high between the two? We caimot tell 
which interpretation is correct, and Lantz has not attempted to 
account for the discrepancies. In our evaluation of the data in 
Table 17 we must bear these initial differences in mind. 

Group III is a control group showing how much change would 
be expected on the basis of practice alone in taking the two tests. 
The increase in performance from the first to the second test is 
evident. However, it is noted that Group I increases somewhat 
more than Group HI, whereas Group II shows a decrease in per- 
formance on Form M as compared with Form L. Thus, in spite 
of the initial differences in performance on Form L, Lantz is able 
to conclude that scores on an intelligence test changed significantly 
as a consequence of her two conditions, success and failure. The 
depressing effect of failure seems to be greater than the enhancing 
effect of success. 

E also had an independent observer rate S's behavior on certain 
characteristics. In taking the second test, the failure group was 
rated as showing significantly lower motivation than the success 
group. In general, from the descriptions given, one obtains a picture 
of apathy in the failure group, although other characteristics such 
as anxiety, restlessness, and antagonism were observed, , 

Bolldoadng responses and performance. There is probably 
considerable truth in the belief that under strong emotional stimula- 
tion (such as anger) rational solutions to problems occur with 
less frequency than during moderate emotional states. The pro- 
cedure to be considered illustrates what may happen to per- 
formance in a frustrating situation where bulldozing activity and 
emotional excitement are also present. There are four experiments 
involved, two by Hamilton (135, 136), and two by Patrick (aSa, 
283). 

Hamilton’s experiments were designed as comparative studies 
on the problem-solving ability of various organisms, Patrick was 
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able to reproduce Hamilton’s results on humans and then in the 
major experiment added the frustration condition to determine 
what influence this had on problem solving. 

The problem situation devised by Hamilton is represented in 
Fig. 34. Since Hamilton worked with humans, rats, cats, monkeys, 
dogs, and horses, the situation in terms of apparatus size and door* 
opening detail varied somewhat to fit the organism, but the basic 
problem remained the same for ail. The essential features are four 
doors which are at an equal distance 
from the entrance to the enclosure. 

From our standpoint the problem is 
quite simple. S was brought into the 
runway and required to find exit 
from the enclosure. Only one of the 
doors was unlocked on each trial. 

The only “system” involved was that 
the same door would never be un- 
locked on two successive trials. Thus, 
if door one was unlocked on trial 
one, it would be locked on trial two. 

On trial two, one of the three other 
doors would be unlocked, which one 
being determined on chance basis. 

On trial three, the door unlocked on 
trial two would be locked, but one of the other three unlocked, 
and so on. 

As a result of his studies with various animals, Hamilton indicates 
five types of solutions used with some consistency: 

Tjipe A, S avoids door which was open on previous trial and goes in 
regular order to the other three, trying each only once. This is considered 
the best solution. 

Type B. S tries all four doors once in irregular order. The door open 
on previous trial was not necessarily avoided. 

Type C. S tries all four doors once in regular order. S does not avoid 
door which was open on previous trial. 

Type D. S tries one door more than once but only after trying another 
door. Thus, door one is tried, then door two, then back to door one. 

Type E. S tries same door several times before moving on to another 
one. 



Fio.. 34. Problem situation 
devised by Hamilton (135) and 
also used by Patrick (s8a, 383). 
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These solution types, from A through E, may be thought of as 
indicating the range from the most adaptable to the least adaptable 
behavior. Humans, on successive trials, exhibited a large propor- 
tion of A solutions, while gophers, for example, had a high pro- 
portion of jB-type behavior. 

Patrick worked exclusively with college students. As control 
behavior, he recorded the solution types used by 6 jia on lo trials 



Fio. 35. The effect of ihutration on problem-solving ability. Data from Fatricic 
(383) and Hamilton (136). 

a day for 10 days. Following this 5 s were given 100 more trials at 
the same rate but under extremely trying circumstances. 5 was 
dressed in a pair of coveralls. As soon as he stepped across the 
entrance of the enclosure he was shocked continually through 
the feet by a grid which covered the floor. Also, ice-cold showers 
were directed at him and a loud automobile horn was blown. 
Note that these condidons did not block the goal response as 
such, but did provide an extremely distracting and irritating state 
of affairs. 

That the behavior of the students changed as a consequence 
of the unusual treatment is evidenced in Fig, 35. One curve shows 
the relative frequency of the five solution-types on the first 100 
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control trials, in which there was a total of 145 classifiable re- 
sponses. Another curve shows the relative frequency under the 
exciting conditions of the second block of 100 trials, during which 
a total of 34a reactions could be classified. For comparative pur- 
poses, the solutions shown by Hamilton’s rats are drawn. The 
data show that under strong stimulation the solution behavior of 
these college students was almost equivalent to that of white rats 
under normal conditions. The bulldozing response was clearly 
evident to the observer. 

In a sense, Patrick’s results may be viewed as a form of regres- 
sion of the primitivation type (see p. aar). Hamilton put a six- 
month-old baby through this problem and Patrick’s results show 
that college students’ problem-solving under stress conditions was 
almost down to the level of the baby’s performance (without 
stress). 

From the studies reviewed thus far, and from other results not 
included here, e.g.. Sears (336, 337), Williams (41a), McClelland 
and Apicella (aay), Alper (3), it appears that when the response 
to frustration includes strong emotional excitement we may expect 
a decrease in performance on at least 'certain types of tasks, 
and when response to frustration includes apathy as a result of 
continual failure we may again expect a decrease in performance 
level. 

Experimental repression. Repression may be thought of as 
accelerated forgetting. It is believed to be brought on by anxiety 
built up by frustration of ego-motives. We shall devote a later 
chapter to the topic of forgetting, so for the present we need only 
demonstrate a method by which repression is measured. 

One of the problems in an experiment by Rosenzweig (383) 
was to determine whether failure on a series of alleged intdligence 
tests enhanced the forgetting of those tests. On the assumption 
that failure on an intelligence test constitutes an interference 
with the satisfaction of an ego-motive, and hence arouses anxiety, 
repression might be expected. Two groups of 30 5 s each, one 
experimental and one control, worked at a series of jigsaw 
puzzles. 

5 s in the control group were informed by E that he was con- 
structing these puzzles and wanted to know if they worked out 
in practice. He attempted in every way to make it appear that 
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not the Si themselves but the puzzles were on trial. No indication 
of any kind was given the control group that ability to solve 
puzzles was a measure of intelligence. In short, Rosenzwe^ did 
not want to ego-involve his control Si. 

The experimental group was instructed differently, as shown by 
the following excerpts: 

I am going to give you some jigsaw puzzles to do as an intelligence test 
so that you may be compared with the other persons taking the test. . . . 

Every puzzle counts as much as every other in the score. ... If you do 
not solve any puzzle in the allotted time, I shall naturally be obliged to 
stop you. . . .Your work will be interpreted as representing the full extent 
of your ability, so do your best (p. 66). 

Comments made by Si in the experimental group indicate that E 
was successful in making them believe ability to do jigsaw puzzles 
signified something. For example, one S reported: “My feeling 
was one of desperation. With each puzzle that I missed the 
thought forced itself upon me that I wasn’t getting on well, that 
I had no business being at Harvard or in the field of Philosophy” 

(p. 66). 

E, by controlling both the time allowed on each puzzle and 
the difficulty of the puzzles, caused Si in both groups to fail in 
completion of half the puzzles but aided them in completion of 
the other half. Each S worked on i8 puzzles of which 9 were 
completed and g were not. Immediately after S had worked all 
18 puzzles, E asked him to write down as many names of the 
puzzles as possible. Each puzzle pictured some common object, 
so the naming was simple if S remembered. 

The results, in terms of niunber of Si in each group recalling 
completed and incompleted puzzles, are shown in Table 18. Two 
facts are dear: (1) in the control group, more tmfinished than 
finished tasks arc recalled, and (2) in the experimental group 
more finished than unfinished tasks are rec2illed. Thus, the results 
for the two groups are in opposite directions. The differences in 
the recall of the two groups are highly significant statistically 
and may be dearly convincing as long as we assume that the 
two groups were equal at the outset of the experiment. 

The difference between the two groups may be a function of 
two diverse phenomena. One, as observed in the control group. 
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is that unfinished tasks are better remembered than are finished. 
This phenomenon, called the J^eigamik effect after its discoverer, 
has been verified on enough occasions to establish it. Its explana- 
tion is obscure. The second phenomenon, as indicated by the 
experimental group, appears to cdnfirm the hypothesis on which 
the experiment was based. More finished tasks than unfi nis hed 
tasks are remembered, a fact that is presumed to be indicative 
of repression, since failure to complete a puzzle produces frustra- 
tion and anxiety, thus initiating a tendency to forget the humiliating 
experience. It is worthwhile to note that in one of a series of 
experiments by Rosenthal (321), very similar to the one re- 
ported here, the repressive effect was removed by hypnotic 
suggestion. 


TABLE 18 

Reoau. of Completed and Incomplbted Tasks 


Group 

Number Ss 
recalling more 

Number Ss 
recalling more 

Number Ss 

completed than 

incompleted than 

recalling 


incompleted tasks 

completed tasks 

equally mil 

Control 

7 

19 

4 

Experimental 

17 

8 

5 


Data from Rosenzweig (323). 


Hoarding in rats. The response investigated under this title is 
one we have not mentioned previously. Since this phenomenon 
can be shown to be a function of the blocking of a physiological 
motive, and since there is a rapidly growing body of literature 
on it, we should be acquainted with the basic techniques used. 
The apparatus, as designed by Hunt (172), consists of a home 
cage coimected by a short alley leading to a food box. Hoarding 
behavior is indicated when the rat carries more food to the home 
cage than it eats. The amount of hoarding is measured by the 
number of food pellets carried but not eaten. Often the rat buries 
or hides the food pellets in some fashion. 

Frustration, as preliminary to observing hoarding behavior, 
may be produced in two ways: (i) by putting the animal on a 
diet which maintains life but which leaves the animal hungry 
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(172); and (2) by putting food before a hungry ral but not 
allowing him to eat it, e.g., putting the food in a wire container 
which the rat cannot enter (229). Both methods produce a marked 
increase in the amount of hoarding as compared with control 
groups. The amount of hoarding is a function of several other 
stimulus variables in addition to those related to frustration (267), 
but clearly those conditions associated with frustration are highly 
significant. 

There are numerous other studies concerned with performance 
changes and frustration, but we have covered a good sampling 
of methods and results. Whenever frustration is evidenced by 
aggression, withdrawal, or other identifiable mechanisms of adjust- 
ment, we may also expect performance changes. Most studies 
have shown a decrement in performance on a standardized tanV^ 
but further analyses will very likely show that whether or not 
there is a decrement is dependent primarily upon (1) the type 
of task on which the performance is measured, and (2) the duration 
of the frustrating situation. 

Mcaaurement of Group Responies 

One of the more recent trends in the area of social psychology 
is shown when groups of Ss arc subjected to certain experimental 
condidons and the responses of the group as a whole analyzed. 
The methodological problems posed by these procedures are 
somewhat different from any we have yet faced. 

As our illustrative problem we will consider an experiment by 
French (loi). He wanted to determine whether there were dif- 
ferences in the reactions of organized and unorganized groups 
to a fimstrating problem situation and to a fear situation. The fear 
situation was basically a frustrating situation since it involved 
escape from a locked room of a building in which a fire had 
ostensibly broken out. The locked doors blocked the goal-directed 
response of getting out. 

Each group of Si consisted of sis members. There were eight 
organized groups and eight unorganized groups. The latter con- 
sisted of Harvard University rmdergraduate students who had 
never seen each other before the start of the experiment. Five of 
the organized groups were basketball and football teams from 
the various college houses. The three other organized groups 
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were athletic teams from boys’ clubs, their ages ranging from 
13 to 14 years. 

The experiment was carried out in an attic room, the floor 
plan of which is shown in Pig. 36. By reference to this floor plan 
you can follow the method of inducing the frustration. Note 
that there are no windows (though a skylight) and only one exit 
from the room. Ss (as a group) were brought into the room and 
seated around the table. They were told that the observers (five 


Recording epparstus 
ddtkroain 


Door 

□ □ 


I Observers’ 
table 


Q . 


Subleets' 

table 


-Smoke box 


Tablea 


Entrance door 


Fio. 3S. Floor plan of situation used by French (tor). 


of them, seated at the table at the left end of the room) were to 
be ignored, since they were there merely to record the steps in* 
the solution of the problems. JS then showed the group three 
problems and read the instructions: 

The purpose of this problem-solving experiment is to discover how fast 
ths group eon seise a problem. Three problems arc provided, but you are to 
solve wiy one. The group may choose which problem to work on, and 
it is permissible to shift to a different problem whenever the group desires. 
However, the whole group must work on the same problem at any given 
time. Thus the solution of one problem in the shortest possible time depends 
partly on knowing which problem to choose and when to shift to another 
problem (p. 237), 

E informed the group that they would have only 45 minutes. 
The nature of the problems is not important 5 they were all diflSLcuIt 
though not impossible to solve. 

After 45 minutes E stopped the group’s work on the problem 

la 
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and took steps to initiate the fear situation. The observers were 
dismissed from the room. E informed Ss that he had to leave 
early and requested that they remain and fill out a questionnaire 
after which they too could leave. As E left the room he surrep- 
titiously locked the door. After a few minutes, E’& accomplice, 
hidden in the dark room, started the smoke box and soon wisps 
of smoke began to seep into the experimental room. The happen- 
ings from there on constitute part of the results. We must go 
back and consider the methods used in recording the behavior 
of Ss. 

Five observers were used. A concealed microphone connected 
to recording apparatus in the dark room provided a verbatim 
report of the first and last 10 minutes of the 45-minute period. 
Work on the first six groups was considered preliminary. From 
the preliminary work a check list of behavior characteristics 
was developed, the list 'consisting of such behavior as hostility, 
aggression, withdrawal, and friendliness. Various areas of be- 
havior were divided among the observers so that eacli phecked 
only one-fifth of the total behavior episodes. Each observer’s 
checks overlapped that of another in at least one area in order 
that reliability of the judgments could be gauged. In addition 
to the check lists, each observer filled out four rating scales for 
each group. These scales concerned the amount of motivation, 
firustration, wc-feeling (group unity), and amount of inter- 
dependence of the individuals. Ratings on these four factors were 
made every three minutes so that changes throughout the period 
could be noted. 

In the fear situation the behavior was recorded by two observers 
watching through a one-way mirror inserted in the skylight, and 
by continuous recording through the microphone. After the fear 
situation, all Ss wrote a description of how they felt and what they 
did when the smoke came into the room. 

We shall consider the results fixjm the problem-solving situation 
first. The observers’ general ratings indicate that the organized 
groups showed significantly more frustration-produced behavior 
than did the unorganized groups. These over-all ratings were 
substantiated by the check-list results, in which it was shown that 
the organized groups exhibited a significantly greater number 
of aggressive responses. Both groups evidenced withdrawing 
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behavior, but no difference between the groups on this response 
was measurable. Other categories on the check list were shown to 
have low reliability, indicating that the observers were not well 
agreed upon the labelling or interpretation of certain responses. 
Such data are not scientifically useful. The total picture of the 
two kinds of groups indicates that the organized groups were 
more highly motivated, had more we-feeling and interdependence, 
and showed a greater number of responses to frustration in the 
problem situation. 

The behavior of the groups in the fear situation was quantified 
only in terms of rank-ordering the groups for amount of fear 
shown. These ranks were obtained by examining the data from 
all sources. Only thirteen groups (seven organized and six un- 
organized) participated in this situation. Of these groups, the five 
ranked as showing the greatest amount of fear were all organized. 
These five groups attempted to break the door down and gain 
exit (to save doors E usually remained just outside and when 
it became obvious what was going to happen, he opened the door 
for Ss), The unorganized groups, on the other hand, were much 
more prone to view the smoke situation as a hoax and as a part 
of the experiment. 

Interpretation of the differences in behavior of the organized 
and unorganized groups in the fear situation is difficult. French 
notes that the unorganized groups (university students) con- 
tained more men who had taken courses in psychology than did 
the organized groups. It might therefore seem reasonable that 
the unorganized groups would be less naive toward the fire 
situation, hence, exhibit less fear. Differences in the fear situation 
may not be due at all to the unorganized-organized factor, nor 
to differences in the behavior of tlie groups in the problem 
situation. 

The fact that French’s results with regard to differences in 
behavior in the fear situation may be accounted for on the basis 
of factors other than the independent variable (organized- 
unorganized) raises a methodological problem which we should 
disciiss. 

Matched groups and social variables. For convenience, we 
will call any variable which infiucnces the behavior of members of 
a group toward each other, or of one group toward another, a 



EXPERIMENTAL PSYCHOLOGY 


234 

social variable. Let us presume that we desire to determine the 
influence of different kinds <(f leadership on behavior of groups. 
Kind of leadership is a social variable by our definition. In plan- 
ning such an experiment we would probably choose Design 
Method II, Matched Groups, although other methods have been 
tried (a 18). But on what factors are we to match groups when 
we seek to measure the influence of such a variable as leader- 
ship? The influence of a leader on a group is not a function of 
the individual S's habit patterns alone, but is also thought to be 
a function of inter-i" relationships. For example, a group consist- 
ing of three boys who were bitter rivals for a place on an athletic 
team might respond quite differently to a leader than the same 
three boys already well-established on the team. Clearly, in addi- 
tion to the individual’s abilities and capacities, inter-personal 
relationships in the group must be equalized for the various groups 
if matching is to be adequate. How, in view of all these considera- 
tions, are we to accomplish this? 

To date, no generally accepted method of matching has evolved, 
largely because this is almost an untapped field of experimentation. 
One technique, that of Moreno (265), is worth reporting. This 
technique may be used to equate groups roughly on inter-personal 
relations. Let us say that a large group of Ss (school children) 
has volunteered for our experiment, and that from this large 
group we wish to pick two groups of five each. All children in 
the large group are asked a series of questions to determine the 
following: 

I. With whom they most like to work 

а. With whom they least like to work 

3. Who are their best friends 

4. With whom are they least friendly 

5. With whom they most often play 

б. With whom they least often play, etc. 

Knowing such facts for a fairly large group we would be able to 
select from the volimteers two groups of five each in which the 
number of likes and dislikes, fnends and non-friends, playmates 
and non-playmates, leaders and non-leaders, and so forth, are 
about the same. We would attempt at the same time to equate 
the groups on variables such as intelligence, age, sex, or anything 
else we might think could differentially influence behavior in 
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the experiment. The procedure assumes that when a child is asked, 
for example, to name his best friend, the answer he gives is valid. 
Some check may be made on this by questioning teachers or 
observing the children on the playground or at work. Since a social 
variable, such as “kind of leadership,” will influence the reactions 
of each member of the group to other members, the method of 
matching is that of equating groups on the same "task” which 
the variable is going to influence. This, as previously discussed, 
is the ideal procedure for matching groups. 

STIMULUS VARIABLES INITUENCING RESPONSES TO 
FRUSTRATION 

When we ask what stimulus variables influence responses to 
frustration we are asking two questions: (i) What variables 
cause the form of the responses to vary; and (2) what variables 
cause the amount of a given form of response to vary? First we 
should know what conditions produce aggressive behavior; what 
conditions produce withdrawing behavior, and so forth. Then 
we should know what conditions produce variations in the amount 
of aggression or amount of withdrawing. It is very likely that 
the variables in the two cases will be the same; that is, those 
variables which are necessary to produce withdrawing will 
probably have dimensional relationships with amount of with- 
drawing. 

We cannot at this stage of experimentation state the relation- 
ships between stimulus variables and forms of frustration re- 
sponses. We are still in the stage of working out adequate measure- 
ments and classiflcations of responses. It is entirely conceivable 
that we are not yet able to discern and measure all signiflcant 
responses to the blocking of goal-response. Furthermore, accept- 
able general empirical relationships between stimulus variables 
and responses to fhistration cannot be stated until greater 
agreement is reached on the interpretation and classification of 
responses. 

In the theoretical framework set up by the Yale group in 
Frustration and Aggression (81), aggression was assumed to be 
the primary response to blocked goal-response. The aggression, 
to be sure, could be displaced in devious ways, but it still 
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remained under the heading of aggression in the same general 
sense that the term has been used in this chapter. The authors 
were able to state three basic variables which determined the 
amount of aggression, and to adduce some evidence, experimental 
and otherwise, in support of the variables. In addition, certain 
variables were indicated which would determine the form of the 
aggression. 

From the data we have covered we can see that aggression is 
a common response to frustration. It will be helpful, therefore, 
to indicate the variables which are presumed to cause its amount 
to vary. Also, it is probable that these variables will cause the 
amount of other frustration responses to vary, although no attempt 
will be made here to guess at these relationships. The three basic 
variables (assuming all other factors constant) proposed by the 
Yale group, and the relationships with aggression, follow. The 
terminology has been changed somewhat. 

Streng^ of motivation. Holding the amount of interference 
constant, it is to be expected that the greater the motivation the 
greater will be the amount of aggression which will result. 

Degree of interference. The assumed relationship is the greater 
the interference the greater the aggression. The McClelland- 
Apicella experiment, reviewed earlier, indicated this relationship. 
Qjiantitatively, the degree of interference might be varied in 
terms of duration of interference. Or, it might be determined by 
the level-of-aspiration technique and falsification of scores in 
terms of amount of falsification. That is, failure to attain an 
aspiration score by one point would be thought of as less inter- 
fering than failure to attain by five points. 

Nnmber of interferences. This may be considered as subsidiary 
to degree of interference. It is presumed that the greater the 
number of interferences the greater will be the aggression. The 
interferences must occur in fairly close temporal order if a smn- 
mation effect is to be obtained, so it is evident that temporal 
contiguity of interferences is a sub-variable imder this general 
variable. The experiments which employed various combinations 
of conditions for producing fhistration were based on the as- 
sumption that total frustration would be greater for all condi- 
tions combined than for one taken alone. The principle as stated 
is easily supported by anecdotal evidence. For example, the man 
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who has a series of minor irritations at the office and then blows 
up at the slightest provocation at home is an American legend. 

It should be underitood that these three variables are stated in 
general terms. In the specific situation there are many ways to 
vary amount of motivation (Chapter VI), and presumably many 
ways will be found to vary amount of interference, and number 
of interferences. 

Individual Differences 

While it has not been the practice in this book to consider 
individual differences and their causes, it is especially pertinent 
to mention them here. People vary a great deal in their frustration 
thresholds, i.e., in how much interference with a goal-response 
can occur before deviant responses become evident. Probably 
as a result of differences in amount of experience with frustrat- 
ing situations, a wide range of tolerances is developed. That 
experience with frustration is related to differences in frustra- 
tion thresholds is indicated in a study performed by Keister and 
Updcgraff (i88). They were able to reduce responses to fms- 
tration in children by a 6-weeks’ training program in which the 
difficulty of problems met gradually increased. By this method 
firustrations could be kept minor or short-lived. 

Another important fact about individual differences concerns 
the mode of reacting to frustration situations. It is very likely 
that individuals develop somewhat stereotyped or habitual ways 
of responding to goal-blocking, some showing aggression in its 
various forms, some showing withdrawal, and so on. The ability 
to predict an individual’s particular response in an experimental 
situation is not far advanced, although some evidence on subject 
variables is available, e.g., Lantz (sio), and Zander (426). 

CONCLUDING CONSIDERATIONS 

In the material covered we have seen that Es have been most 
ingenious in devising situations to produce blocking of goal- 
responses. They have been equally resourceful in quantifying 
responses which do not lend themselves to traditional methods 
of measurement. One of these methods, that of the “htunan yard- 
stick” (18), warrants a brief summary discussion and evaluation. 



238 EXPERIMENTAL PSYCHOLOGY 

The Imtwari yardstick method. This method covers instances 
in which the observers interpret S’s behavior, thus in a loose sense 
serve as the measuring instrument. In the material we have covered 
the method has taken two distinct variations : 

Variation I. The observer interprets the behavior at the time it occurs. 
He does this by giving it a label (e.g., aggression) or tallying it on a check 
list. 

Variation II. The observer records everything that occurs as it occurs 
and interpretation is delayed until alter the experiment. 

Both variations have advantages and disadvantages. Variation I 
has the advantage of allowing an interpretation at the time the 
behavior happens. Certain nuances in iS’s behavior may facilitate 
interpretation — a lifted eyebrow may tell an observer a great deal. 
In Variation II it may be virtually impossible for a group of 
observers to record all the little bits of behavior and yet these 
little bits may be important. Variation II, on the other hand, has 
the advantage that interpretation may be made at leisure and not 
under pressure of events as they happen in the experimental 
situation. A methodological study which determines the correlation 
between responses to frustration obtained by the two variations 
would be valuable. 

Now how does the method satisfy requirements of scientific 
rigor? We know that the simplest form of measurement is counting. 
Counted data are often the only kind obtained in psychological 
experiments. We count the number of correct responses on each 
trial as S learns a list of words; we count the number of errors 
made as the rat learns the maze. The counts are made at the 
tune S performs. Note that in Variation II above, behavior 
sequences are recorded and the counting is done later, after it is 
agreed what should be counted. Presumably in Variation I this agree- 
ment is reached before the experiment starts and the observers 
count or tally at the time of the behavior sequence. 

The major difficulty in the hiunan yardstick method concerns 
its reliability. Agreement among observers, as well as agreement 
of an observer with himself from time to time, must be high. 
Otherwise, the data are not scientifically useful. The facts are 
that observers can be trained to agree well on what behavior is to 
be called aggression, what behavior is to be called withdrawing, 
and so forth. That reliability is a problem is demonstrated in 
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experiments reviewed in which observers did not agree on their 
interpretations of behavior. 

There is no problem of validity in the results obtained by the 
human yardstick method. It can be seen that we have no ultimate 
criteria of aggressiveness or withdrawal to which we can appeal. 
The definition of the behavior categories is exclusively on the 
observer level; the categories are defined in terms of what an 
observer must perceive S doing or saying. It may be, of course, 
that future research will provide correlates of aggression other than 
those derived from the observer method. For example, research 
may give knowledge of rather consistent physiological changes 
which accompany frustration, though results to date have not been 
encouraging (e.g., Sherman and Jost, 352; Jost, 186; Davis, 77). 

Our main point is that the human yardstick method, when 
reliable, is basically the same as all methods of experimentation. 
If changes in stimulus variables produce observer-noted changes 
in response, we are still relating stimulus and response variables. 
The only difference is that more interpretation may intervene 
between the response proper and the counting of that response 
than in the traditional experiment. The use of trained observers 
and a careful delineation of behavior ranges which are to be 
coimted in certain categories will reduce the hazards of this 
interpretive component. 

A look ahead. What direction will 'be taken by future research? 
What are the major gaps in our knowledge? How far along are we 
toward an understanding of the behavior discussed in this chapter? 
The most pressing need is one of standardization, a standardization 
of several aspects of the experimental program. 

1. First, we need a standardization of techniques to block goal- 
directed responses. This may not be too difficult to achieve, since 
certain techniques are being used more and more consistently, 
e.g., the level-of-aspiration technique. 

2. The response side of the experiment causes greatest difficulty. 
There is as yet very little consistency in the methods of measuring 
responses to the blocking of goal-directed behavior. This leads to 
the third need of standardization. 

3. Classification of responses. Since we know the responses only 
in terms of the methods by which we measure them, and since 
there is little standardization in measurement, inter-laboratory 
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communication is greatly impeded. If one E calls behavior measured 
in one fasliion aggression, and another E calls behavior measured 
in a different fashion aggression, no quantitative comparison is 
meaningful. 

In spite of these difficulties which need to be overcome, no one 
can deny that the last 15 years have seen great progress in this 
new field of laboratory experimentation. 

SUMMARY 

1. Frustration is a logical construct defined by relating stimulus 
situations in which there has been a blocking of or interference 
with goahdirected behavior to the deviant behavior which results 
from such a situation. 

2. The following methods have been used to produce 
frustration: 

a. Interfering wth primary motive 

b. Setting up physical obstructions 

c. Artificially producing failure, by: 

I. Setting unobtai&able standards 

a. Falsifying scores 

3. Gondenming S as inferior 

4. Combining these methods 

d. Creating conflict situations 

3. Methods of response measurement and analysis: 

a. Analyzing verbal responses 

b. Analyzing verbal and motor responses combined 

e. Measuring by projective tests 

d. Measuring by questionnaire and ratings 

s. Measuring in terms of performance changes on standardized task 

f. Measuring group responses 

4. Major stimulus variables influencing amount of aggression: 

a. Strength of motivation 

b. Degree of interference 

e. Number of interferences 

5. The following unusual methodological problems were 
discussed: 

a. The basis for matching groups in a social situation 

b. The use of observers or judges as measuring instruments 
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Conflict 


INTRODUCTION 

Passengers on the Chicago elevated transit system arc some- 
times amused by the behavior of patrons as they leave the cars. 
Stations are so arranged that two exits from the platform to the 
street are available, usually about 50 to 60 feet apart. It has been 
observed that when a patron alights from the car midway between 
the exits, gyrations often occur in his behavior. He will start 
first toward one exit and then the other — a step in this direction, 
a step in that direction; or, perhaps a mere shuffle or weaving of 
the body will take place. Of course, the vacillation doesn’t last 
very long — the “deadlock” is soon broken — ^but in simplified form 
the behavior illustrates the subject of this chapter. Two incom- 
patible responses are evoked by this situation, and this defines a 
conflict situation. 

Conflict and frustration. In the previous chapter it was 
indicated that conflict was a class name applied to a particular 
method for inducing frustration and measuring the consequences 
thereof. We will expect these consequences to be much the same as 
those outlined in the previoxis chapter: namely, such responses as 
withdrawing, aggression, and so on. In addition there are other 
measures peculiar to conflict. The over-all point of view is, however, 
that the present chapter is an extension of the study of fhistration. 

In many experiments on frustration we saw clear evidence of 
conflict in that the situation evoked incompatible responses. This 
was especially true when inhibitory responses tended to halt or 
drastically modify aggressive behavior. Let us be sure, then, we 
understand that conflict is one of the methods by which goal- 
directed behavior can be interfered with or blocked. From a sheer 
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procedural standpoint, conflict can be set off from frustration in 
most laboratory situations by the fact that E has control over the 
strength of the opposing response tendencies. This was not true in 
the studies outlined in the previous chapter. 

The discriimna] processes and conflict. When S is asked to 
judge which of two lights is brightest, and when the diflFerence 
between the lights is slight, a miniatiu’e conflict may result. When 
S must express a preference between two objects which are very 
much alike, hesitations are evident. As seen in the early chapters 
concerned with such discriminations, relatively non-personal judg- 
mental processes were accompanied by certain behavior (such 
as increased judgment time) which is on the same continuum 
with conflict behavior in the more personal or traumatic situation. 
The study of conflict may be closely linked in method and theory 
to the study of the discriminal processes as such. To produce the 
most acute conflict E attempts to design a situation in which a 
highly motivated S has a response tendency to each of two stimuli 
between which there is scarcely a discriminable diflTerence. 
arc limited in their experiments with humans since for obvious 
reasons severe traumatic situations cannot be produced in the 
laboratory, With animal Ss, however, rather violent conflicts may 
be induced. 

Plan of the chapter. This chapter will be organized around the 
following major headings: 

I. Generalized conflict situations 

3. Specific methods used to produce conflict 

3. Methods used to measure and analyze conflict responses 

4. Major variables 

5. Emotions and motivation 

GENERALIZED CONFLICT SITUATIONS 

Responses may be considered as either approach responses 
(toward a goal or incentive) or avoidance responses (away from 
a noxious situation). The most acute conflict occurs when two 
incompatible response tendendes are of equal strength. What are 
the possible situations which E may arrange to produce incom- 
patible responses of near equal strength? There are four such 
situations: (i) the situation in which two approach responses 
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are evoked; (2) in which two avoidance tendencies ar§ evoked; 
(3) in which both an approach and an avoidance response tend- 
ency are evoked; and (4) to take into account the fact that we 
often do not have just two response tendencies of one kind or 
another, a situation in which there are multiple response tend- 
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Fio. 37. Generalized conflict situations. 

encies. The fourth situation will be called double-approach- 
avoidance. Lewin (216) has suggested the first three situations; 
Hovland and Sears (162) the fourth. All four conflict situations 
are shown in Fig. 37. 

Approach-approach. In the approach-approach conflict the 
organism has two positive goal responses evoked at the same 
time, but by the nature of the situation both cannot be executed. 
A hungry child, offered a choice of one of two equally liked 
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foods, is in an approach-approach situation. The illustration of 
the elevated transit patron is another. Figure 37 shows the organism 
midway between two goal objects. Following Lewin (a 16), we 
may indicate the attracting goal object by a plus. Two incom- 
patible tendencies are evoked simultaneously, and since the in- 
dividual cannot go both ways at once, the situation may produce 
deviant responses. It is assumed, of course, that the motivational 
state of the organism is a part of the approach tendency. 

The conflict situations in Fig. 37 are represented in spatial 
terms, i.e., in terms of distance to a goal, with S thought of as 
“locomoting” through space to get to or away from a situation. 
We must warn ourselves that many conflicts are not spatial in 
nature, but rather, psychological. By this it is meant that response 
tendencies are not necessarily opposed because their execution 
would mean locomoting in opposite directions in space. Oppo- 
sition may exist because of differences described by other than 
the spatial dimension. Thus, the response tendencies of a person 
attempting to choose between two equally attractive job offers 
would be thought of without reference to the spatial TelaAom 
of the job. 

Much experimentation on conflict has been performed in terms 
of spatial distances between an organism and attracting and 
repelling stimulus situations. Equal distance in space &om two goal- 
objects provides a fairly clear-cut method of observing reactions 
in terms of characteristics of locomotion. At present the assump- 
tion is that the basic principles established in the spatial situation 
win also hold in the nonspatial conflict situation. 

Approach-avoidance. In approach-avoidance conflict a single 
situation or object has both positive and negative characteristics. 
Thus, both approach and avoidance tendencies are elicited simul- 
taneously. If at any given point from the object the two tendencies 
are of about equal strength, the organism will theoretically be 
"suspended” motionless. The minus sign in the drawing indicates 
the repelling characteristic. Anecdotal illustrations are numerous*, 
a child is attracted toward a vase on the table but he also has 
avoidance tendendes present as a consequence of punishment 
previoudy received for playing with vases; a soldier may have 
one response tendency to advance on the enemy and an opposed 
fear tendency to retreat. The term ambiodenee is indicative of 
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an approach tendency and an avoidance tendency in one’s re- 
actions toward a person. 

Avoidance-avoidance. In the avoidance-avoidance conflict the 
organism is diagrammed as being between two objects or situa- 
tions, both of which elicit avoidance tendencies. Such a situation 
will usually lead to withdrawal (up or down in the diagram) if 
such withdrawal is possible. If not possible, serious behavior 
disturbances may occur when the avoidance tendencies are 
powerful. Indeed, there is reason to believe that suicide may some- 
times be an outcome of an acute avoidance-avoidance situation in 
real life. 

The student who does not like to attend class but who also does 
not like to be seen not attending is in an avoidance-avoidance 
situation. A girl, who is trying to avoid becoming an old maid, and 
who has received a proposal of marriage from someone she doesn’t 
love, is in an avoidance-avoidance conflict. This type of conflict is 
implicitly assumed when we say that we choose the “lesser of two 
evils.” 

Doable-approach-avoidance. This conflict situation is intended 
to make explicit the actual situation as it seems to occur in many 
instances: namely, that objects or situations do not evoke single 
approach nor single avoidance tendencies. Rather, several distinct 
tendencies of both kinds may be elicited by different aspects of the 
situation. We may, however, think of all approach tendencies for 
a given object or situation as summing into one “grand” approach 
tendency, and all avoidance tendencies summing into a grand 
avoidance tendency. With two objects or situations involved, 
the summation which takes place would result in a double-approach- 
avoidance conflict, i.e., a grand avoidance and a grand approach 
tendency for each of the two objects. For that matter, since there 
is no basis for limiting the number, we might have a triple- 
approach-avoidance situation, or a quadruple-approach-avoidanci 
situation. 

A hypothetical situation to illustrate this conflict may be seen 
in the man who is working in one position and is offered another. 
Each job has several attractive and negative features, such as pay, 
opportunities for advancement, prestige, and working conditions. 
If the attractive and repelling features for both jobs are equal 
when “summed,” conflict will result. 
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An e:qierimental illustration of the four situations. Before 
moving on to the various methods which have been used to pro- 
duce conflict, let us examine a simple experiment in which all four 
Situa tions have been studied in the same context. This particular 
experiment deals with motor conflict and may be conceived 
spatially in the manner implied by the diagrams in Fig. 37. 

Hovland and Sears (i6a) constructed what may be called a 
conflict board, the essentials of which are shown in Fig. 38. The 
board used by Hovland and Sears was 5 inches square, but the 

writer has used boards the 
size of an ordinary sheet of 
paper with comparable re- 
sults. The board is placed 
horizontally on a table or 
desk so that the two sets of 
lights are opposite S. S holds 
a pencil in the position 
marked “start,” and is in- 
structed that when the red 
light goes on he is to draw 
a line as quickly as possible 
to the other corner of the 
board (avoidance), and that when a green light is flashed on, he 
is to draw a' line as quickly as possible to the green light (approach) . J’s 
paper to draw on may be fed through on rollers, or individual sheets 
may be used, the former being most satisfactory. With the conflict 
board, Hovland and Sears set up the four conflict situations as follows : 

ApproachrApptoach, S was given ao trials, 10 each with the two green 
lights. The order of presenting the lights was randomly determined. On 
the 31st trial E flashed on both green lights sunultaneoudy. 

Approach-Avoidance, The red and green lights on one corner of the board 
were given 10 times each in random order. When a red light flashed, 
S drew a line to the opposite comer; when a green light flashed, he drew 
toward it. On the sist trial, the test trial, both lights were flashed 
simultaneously. 

Avoidance-Avoidance, The red lights at either corner were used in present- 
ing 30 trials and again, on the 31st trial, E flashed both red lights 
simultaneously. 

Double-Approaeh-Avoidance, All four lights were used and were flashed on 
singly in ;tandom order with the same general instmetions prevailing. 
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this involves a somewhat more complicated situation than tlie 
previous three situations, Ei allowed 80 practice trials and on the 8ist 
trial all lights were flashed on at once. 

What sorts of responses result on these critical test trials for 
the situations? First, S may be uninfluenced — ^he may draw a line 
directly to one side or the other. This would indicate no conflict. 
S may (and some did) respond to botli lights by first drawing to 
one side and then quickly across to the other, A compromise 
response may occur in which S draws right down the middle of 
the board between the two lights. Some Sis blocked — ^no movement 
occurred, although tensing was evident. These deviant responses, 
deviant because they are different from those which occur in 
instances in which a single light is flashed, occur with relatively 
high frequency. 

Motor conflict produced by these boards is highly predictable. 
The writer has used the boards for several class experiments, and 
even though S knows in general what is coming, the deviant 
responses will occur on a majority of test trials. This is especially 
true if the instructions for training emphasize a speed set. Further- 
more, the deviant responses which occur in diis simple situation 
have their rather striking parallels in tlie more traumatic conflict 
situations, which will be evident in material covered later in this 
chapter. 

METHODS FOR INDUCING GONFUGT 
Approach-Approach 

There is some disagreement as to Just what type of situation 
should produce an approach-approach conflict. On the one hand, 
we may present two equally attractive stimulus objects and inform 
S that he may have both, but locate the objects so that both can- 
not be obtained at the same time. S must go first to one and then 
to the other. Will his behavior be any different if a single object 
is presented? On the other hand, E may present the two goal- 
objects and indicate that only one may be obtained. The first 
situation is a conflict situation only because of temporal incom- 
patibility, and there is no evidence that deviant responses occur 
in such a situation. The second is the one which will be used here 
as the prototype of an approach-approach situation. 

There are two general methods of setting up an approach- 
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approach situation: {1) E may rely on response tendencies already 
a part of the organism’s repertoire; or (a) the two approach 
tendencies may be built up independently. The first method 
would be illustrated by a situation in which E offers S two goal- 
objects known to be equally attractive. Thus, Godbeer (113) 
offered first- and second-grade boys the choice between two 
gumdrops of equal size and color. The second method wo\ild be 
illustrated by Ae conflict board situation in which 5 builds up 
approach tendencies to the green light (they are built up very 
rapidly). It would also be illustrated in an experiment by Kleb- 
anoff (200) in which rats were fed equally often at both ends of 
a straight-alley maze and then on the test trial put midway between 
the two food-boxes. 

Goal-objects may be of different kinds and still be equally 
attractive. For example, in one experiment E determined how many 
tin soldiers were equal in attractiveness to a single gumdrop (113). 
This was done by a crude psychophysical procedure. In effect, 
E held a gumdrop and asked S how many tin soldiers he would 
give for it. Three tin soldiers, let us say, might thus be found 
equal to a single gumdrop. Then these two goal-objects could be 
used in an experiment on approach-approach conflict. There is 
some evidence from this study that when goal-objects differ in 
kind, though are the same in attractiveness, the amount of conflict 
is greater than if the two are of the same kind. 

Approach-Avoidance 

There are several methods by which this situation has been set 
up in the laboratory. We shall consider them separately. 

Difficult discriminations. Pavlov (384) initiated this method 
and it has been used a great deal in attempts to produce “experi- 
mental neurosis” in animals, Pavlov used the conditioned response 
technique by which a formerly neutral or ineffective stimulus 
becomes effective in producing a response. He worked largely 
with salivary secretions in dogs. Meat powder or acid put into the 
mouth causes salivation. If a neutral stimulus, such as a bell or a 
light, is presented a number of times just before the salivation 
takes place, the neutral stimulus will itself come to evoke the 
salivary response. 

To develop neurosis Pavlov used a sequence of events extending 
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over several weeks. In one of his experiments, the dogs were first 
trained to salivate to a luminous circle presented on a screen. This 
conditioned response was established without difficulty. Then a 
luminous ellipse, clearly different from the circle, was projected 
on the screen but was not followed by meat powder. The circle 
was always followed by meat powder; the ellipse was not. The 
animal had to learn to respond to the circle, and not to respond 
to the ellipse. The dog was able to develop this discrimination. 
Then Pavlov began to make the elh’pse more and more like a 
circle, alternately presenting the circle and the ellipse. The dog 
continued making correct responses — ^not responding to the ellipse 
and responding to the circle — ^tmdl the ellipse became so much 
like the circle that it apparently could no longer discriminate a 
difference in the forms. This occurred at a point where the vertical 
and horizontal axes were in a ratio of g to 8. It was after several 
weeks of alternate presentations of the circle and the ellipse at this 
ratio that the dog “broke down.” 

Much the same method had been used by many other investiga- 
tors with a variety of animals. The basic procedure is that of 
training S to make an approach response to a stimulus and an 
avoidance response to a somewhat similar stimulus, and then 
gradually reducing the differenas in similarity between the two 
so that both avoidance and approach responses are elicited by 
either stimulus. 

Contradictory motivatioii. This is hardly an apt heading for 
the method, but in a sense it describes the situation. The method 
has usually consisted of depriving an animal of food or water so 
that motivation is strong, and then associating a fear or escape 
motive with the act of eating or drinking. Cook (64), for example, 
deprived rats of water and then “wired” a pan of water so that 
whenever the rat touched it he received a shock. If the strength 
of the shock became great enough,' the animal refused to drink. 

Masserman (350) taught cats to lift the lid of a box to get food 
t and then during a series of trials he delivered an air blast just as 
the cat opened the lid. The blast appeared to be a fear stimulus. 
Thus, the animal had the confiicting motives of hunger and fear 
in the same situation. 

Shocking on-going response. This procedure does not result 
in a clear-cut case of conflict, but because E has built up the two 
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opposing response tendencies we are including it here. The method 
is used with animals, commonly in a simple T-mazc situation. 
Rats are first taught to go down one alley to receive food. After 
this habit is established, they are taught to go down the other 
alley to get food and thus abandon the first habit. At this point 
the animals have presumably developed an avoidance response to 
the first alley, and an approach response to the second. Then, on 
succeeding trials, the anifaials are strongly shocked just before they 
reach the choice point. E determines which of the two alleys is 
taken on these shocked trials and notes other behavior character- 
istics. If the animals take the first-leamed path, regression is said 
to have taken place. 

Avoidance-Avoidance 

This method has not had many variants, but in one form it has 
been used a great deal, especially by N. R. F. Maier and his students 
at the University of Michigan. The basic apparatus is the Lashley 
jumping-stand (Fig. 39). Rats are placed on the pedestal opposite 
two small mounted doors or windows, the distance (six inches or 
more) from the pedestal to the windows being great enough so 
that the rat cannot “step across.” By a gradual training procedure 
the rat can be taught to jump across the intervening space to the 
windows, the force of the jump opening the window and allowing 
access to food on the table behind the window. Then rats are 
taught a discrimination habit, let us say jumping to the window 
with a square on it and not jumping to the window with a circle. 
The window with the circle is consistently locked so that when 
the animal jumps against it, not only does he bump his nose but 
he also drops to the net below. Behavior of the rat suggests that 
this experience is not pleasant. In setting up the discrimination 
habit the right-left positions of the cards are randomized so that 
position habits are not learned, i.e., the rat doesn’t learn to jump 
always to the left window, let us say, instead of to the window 
with the square design. 

With the jumping-stand, as with other methods, E may gradually 
make the discrimination more difficult. However, when the 
similarity of the designs becomes so great that the animal cannot 
“tdl a difference,” he may refuse to jump even though under 
strong hunger motivation. Consequently, an additional “forcer” is 
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required. This has been provided in the form of an air blast or an 
electric grid on the pedestal. When such forcers are used the 
situation becomes an avoidance-avoidance situation. The card 
elicits avoidance tendencies but so also does the air blast or shock. 
We may expect deviant behavior to occur in such situations. 



Fto. 39. Jumping stand. The net used to catch the rats following erroneous 
jumps is not shown. 

In many instances E has made the problem situation insoluble 
rather than just a difficult discrimination. This has been done in 
several ways, all after the animal has learned to jump readily, E 
may lock both doors, may present only a negative door, or he 
may make neither of the cards consistently correct so tiiat the 
animal can be only 50 per cent correct. Under certain conditions 
E has enclosed the pedestal on all sides (except the jumping side) 
and on the top. This restricts the range of orientation and tends 
to force the animal to orient toward the windows. 

Doafile>Approssch-Avoidance 

Double-approach-avoidance conflict involves two objects or 
situations each of which has approach-avoidance characteristics. 
As yet, this situation has not been widely used in an experimental 
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setting. In the conflict board study (see p. 246) such a situation 
was devised by using both lights at both comers of the board. 

One special method, used by Brown (40), is quite different from 
any of the methods discussed thus far. It makes use of a funda- 
mental characteristic of behavior known as generalization. Let us 
defme this term by experimental operations. B trains an animal to 
respond positively to a tone of 1000 cycles. After this response 
is learned it can be shown that the animal will also respond posi- 
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Fia. 40. Hypothetical gradient of generalization. 

tively to tones of frequencies greater than 1000 cycles and less 
than 1000 cycles, even though these stimuli have not been used 
in training. The stimuli, though not identical, are thus functionally 
equivalent (they elicit the same responses). This equivalence, as 
measured by these operations, is called generalization. It can also 
be shown that the responses evoked by stimuli greater or less 
than 1000 cycles will occur widi less frequency the greater the 
difference between the training tone and test tone. This suggests 
a gradient of generalization, in that the further the test stimulus is 
from the training stimulus, i.e., the less similar it is to the training 
stimulus, the less are the probabilities that the response will be 
evoked. This gradient is depicted in Fig. 40. 

Now let us assume that if an animal is trained not to respond to 
a given stimulus there will also be a gradient of avoidance very 
similar to the gradient of approach. That is, stimuli greater or less 
than the training stimulus will produce avoidance behavior and 
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the farther away these test stimuli are along the dimension, the 
less frequent the avoidance response. Both the approach and 
avoidance gradients can be demonstrated empirically. 

In a training situation such as a straight-alley maze, we now 
teach.an animal to respond positively (approach the goal box) to 
a 1000-cycle tone and to avoid responding to a 500-cycle tone. 
These two gradients of generalization may overlap as depicted in 
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Fio. 41. Illuatration of how overlap of approach and avoidance gradients may 
be used to produce approach-avoidance conflict, 

Fig. 41 . Now if we present a stimulus which is halBvay between 
the two training stimuli (500 and 1000 cycles), at the point where 
the gradients overlap maximally, we should have produced an 
approach-avoidance conflict situation. Finally, if this problem 
were developed in a discrimination situation, and if on the test 
trials two intermediate stimuli were presented, a double-approach- 
avoidance situation should be created since we will have two 
situations of the kind depicted in Fig. 41. 

The inducing of conflict on the basis of generalizations, whether 
approach-avoidance or double-approach-avoidance, makes certain 
assumptions concerning the distance of spread of the gradients of 
generalization and also the relative heights of the gradients. As 
drawn in Fig. 41, the gradients are of the same height and spread, 
indicating that the approach tendency is of the same strength as 
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the avoidance tendency. In actual practice the shape and spread 
can be determined empirically. 

The situations outlined in this section will provide central points 
of departure in explaining methods of measurement in the next 
section. There are deviations from the methods discussed above, 
of course, but all major methods used to date for inducing conflict 
are represented in the various situations which we have considered. 

METHODS OF RESPONSE MEASUREMENT AND 
ANALYSIS 

The subdivisions of this section are formed in terms of various 
response measurements which have been used as indices of conflict. 
E may, of course, record several different responses in the same 
situation. A control group or condition is used to give base measure* 
ments with which conflict behavior can be compared, the control 
measurements being taken in a non-conflict situation. Like work 
on frustration, the work on conflict is still in the exploratory 
stage. 

Latency 

If two opposed response tendencies are simultaneously evoked, 
all logical considerations point to an increase in the time to respond 
as compared with time to respond when a single tendency is evoked. 
Very long latencies may be expected when opposed tendencies 
arc of exactly equal strength. When two opposed response tenden- 
cies result in such a deadlock, blocking is said to have occurred. 
How long the latency of resporue must be before blocking is 
indicated is a function of the particular experimental situation 
and the latency which E defines as blocking in this situation. Let 
us consider two illustrations. 

Godbcer (113) presented first- and second-grade boys with a 
choice between two equal-sized gumdrops. In the control condi- 
tion Si were instructed that they could have both gumdrops; in 
the experimental conditions Si were told that they could choose 
only one. The apparatus was constructed so that two windows, 5 
inches square and 30 inches apart, were at about arm’s length from 
£ as he was seated at a table. For a given trial, E opened a shutter 
exposing the candy in the windoWs. The opening of the shutter 
started an electric clock. iS made a selection by moving a lever to 
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the window of his choice, thus hitting a botton, which stopped 
the clock and also delivered the candy. Thus, the latency was 
measured from the opening of the shutter to the hitting of the 
button under the window. When S was allowed to have only one 
piece of candy per trial, the mean latency of response was about 
3,0 seconds; when S could have both pieces (control) the mean 
latency was about 1.75. The difference between the two means is 
highly significant. 

As a second illustration we will consider an instance of excep- 
tionally long latencies. In an experiment by Klee (aoi), rats were 
trained on the jumping stand to discriminate between a black 
circle on a white card and a white circle on a black card. One 
was used as a positive stimulus, the other negative. After this 
habit had been well established, Klee set up an insoluble situation 
by having one of the windows locked on each trial without regard 
■ to side or form on the window. Thus, if the rat jumped consistently 
to the black circle, he would be right only 50 per cent of the time. 
The rats were under 24-hour food deprivation at the start of the 
conflict series. The conditions of a control group were such that 
regardless of the window to which the animals jumped they always 
found it unlocked. 

Latency measurements of the jumps were not taken system- 
atically, but the extraordinary behavior of a few of the rats in 
the experimental group leaves no doubt that the conflict was 
severe. When first placed in the insoluble situation the rate at first 
jumped in accordance with their previously established discrimina- 
tion habit. After a few trials they began to refuse to jump— the 
avoidance tendencies were stronger than the approach. For as 
long as 4 hours at a time the rats perched on the pedestal. Those 
animals that did not jump during the 4-hour period would not get 
fed so that by the following day they would be under 48-hour 
hunger deprivation. In some instances, animals went 72 hours 
without food before they jumped. For the rate which permanently 
refused to jump, it is presumed that the approach tendencies 
instigated by the hunger condition never became as strong or 
stronger than the avoidance tendencies produced by the insoluble 
situation and probable punishment resulting from jumping. 

The jumping technique has been used by Finger (96) to show 
that as discrimination between stimulus figures becomes more 
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difficult (though soluble), latency of jumping increases. A cor- 
related measure is the force of the jump. In general, as latency 
increases force of jump increases. It is as though the animal develops 
considerable tension during the latent period and this tension 
shows itself by the force of the jump. 

Vicaiions Trial and Error 

During the latent period between the presentation of a stimulus 
situation and the time a choice is made, the organism is not in- 
active. We might suspect that there would be subtle behavior 
indicating conflict. When locomotion as such does not take place, 
but when there is evidence that the organism is actively engaged 
in “deliberation,” vicarious (substitute) trial and error is said to 
be taking place. A rat at the choice point in a maze may be seen 
to look first down one alley and then another as if trying to deter- 
mine which pathway to take. 

Working with rats in an impossible discrimination situation, 
Brown (164) has shown that the number of head movements 
is directly related to the latency of response. The importance of 
such a finding is twofold: (i) head movements (swinging from 
one side to the other), indicative of vicarious trial and error, take 
place in a predictable fashion in a conflict situation; and (3) head 
movements might be substituted for latencies (or other measures) 
of conflict when latencies are diflScult to measure. 

In humans we might also expect the number of head move- 
ments to be indicative of conflict in a spatial situation. Such a 
measure has not been taken. However, eye-movements may 
substitute functionally for head movements, and the number of 
eye-movements has been shown to be directly related to the amount 
of conflict as obtained by other measures (113). 

We may conclude that vicarious trial and error (as defined by 
the measurements indicated above) is found in conflict situations 
to a greater extent than in non-conflict situations. Hence, indices 
of vicarious trial and- error may be used to infer the existence of 
conflict. 

Wididrawal 

Withdrawal may be physical withdrawal in the sense of loco- 
moting through space to get away from the conflict-evoking 
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stimuli, or it may he-psjiekologicd, in which case the organism 
“insulates” itself from these stimuli. We will consider an illus- 
tration of each type of withdrawing response. 

Physical withdrawal. Brown (164) used rats as i 9 s and a Y-type 
maze (Fig. 43). On all trials, whether a learning trial or a test trial, 
the rat was not placed at the base of the Y. Rather, it was placed 
immediately at the jimction point as indicated in the diagram. If 
the rat were placed at this point, and if the stimulus situation 
elicited withdrawal responses, 
the animal could retreat into the 
base of the Y. Measurement of 
this tendency was effected in 
two ways; (i) by measuring the 
distance the rat retreated into 
the base, and (a) by an ingeni- 
ous harness and pulley system 
whereby the strength with 
which the rat "pulled’* to get 
back into the base was recorded. 

The harness was so constructed 
that forward movements, i.e., 
into either alley, were unim- 
peded. Retreat into the Y, how- Fio. 4a. Essentials of Y-npe maze 
ever, was hindered by the light “ Brown (164). 

string connecting the harness 

with a system of springs and pulleys for measuring the strength of 
pull in grams. On the conflict test trials, Brown allowed the rat to 
pull for 5 seconds, then released the string so that the animal could 
retreat into the base. The distance retreated could thus be measured. 
Let us turn back to the methods used for inducing the conflict. 

The two variable light sources (see Fig. 42) provided the basis 
for setting up a discrimination problem, and the grids were used 
for punishing incorrect responses. After preliminary training the 
rats were taught a discrimination habit. On each trial one alley 
had a bright light, the other a dim light. Half the rats were taught 
to approach the dim light (and receive food) and avoid the bright 
light. For the other half, the situation was reversed. The location 
of the stimuli was randomized between the two alleys on successive 
trials, to avoid position habits. 
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A total of 48 animals was used. Half the animals were shocked 
for going to the wrong alley, and half were merely deprived of 
food. Since the animals had already been divided into two groups 
on the basis of the positive stimulus used (bright or dim), this 
subdivision created four groups of 12 rats each. 

All animals were trained until they made 12 successive correct 
responses. Training took place under 46>hour food deprivation. 
After learning, each rat was given three different test situations 
on one day, and three more test trials fom days later. The only 
difference between the two test periods was that on the first day 
half the animals were under 46-hour food deprivation and the 
other half under i-hour deprivation, whereas on the fourth day 
the situation was reversed. 

The three test trials actually included one approach-approach 
situation, one avoidance-avoidance situation, and one double- 
approach-avoidance situation. To set up the approach-approach 
test situation. Brown flashed on two positive stimuli (one in each 
alley). Thus, if the animal had- been trained to approach a dim 
light, on the approach-approach test trial a dim light appeared in 
each alley. The avoidance-avoidance situation was set up by 
putting on the two lights which the animals had learned to avoid. 
In the double-approach-avoidance situation, the overlap of general- 
ization gradients was assumed and each of the two lights used 
had a brightness value halfway between the bright and dim light 
used during training. Under this situation each light might be 
expected to evoke both approach and avoidance tendencies, and 
since there were two lights, a double-approach-avoidance situation 
is presumed to have resulted. 

Each rat was given all three test situations. We know that these 
test situations should not be given in the same order for all animals 
if we want to compare the conflict resulting from the three con- 
ditions. We also know that with three conditions it takes 6 Ss to 
counterbalance completely the order of conditions. Thus, for 
each of the four sub-groups of I2 rats each, two blocks of counter- 
balancing would be used. One block of 6 .Ss had its first test trials 
imder 46-hour deprivation; the other block under i-hour depriva- 
tion. The deprivation time was reversed for the animals in the 
two blocks for the second set of test trials. This is a somewhat 
complicated design, though a very excellently planned one. We 
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will note that no two of the 48 rats went through exactly the 
same order of conditions throughout the experiment. Now, let 
us review the entire design, point by point, to see the purposes 
of the various sub-groups. 

1. Half the rats were trained to approach the dim and avoid 
the bright light; half were trained under opposite conditions. By 
this procedure, any natural biases for approaching bright or dim 
lights should not prejudice the results. 

2. The variable of shock or no shock for wrong responses is 
added by having half the 5 s serve under one condition and half 
under the other. This gave four sub-groups of la animals each. 

3. On test trials the variable of deprivation, time was added. To 
counterbalance the order of testing, half the animals had the 
46-hour condition first and the i-hour condition second (four 
days later) ; for the other half, the conditions were reversed. Since 
each sub-group of 12 was split in half, this gives us eight groups 
of six animals each. 

4. Finally, since the order of conditions for each test day might 
have influenced the results, the sequence of the three tests for 
each rat was different, for with the three test trials (approach- 
approach, avoidance-avoidance, and double-approach-avoidance) 
6 rats would provide complete counterbalancing. 

From this analysis we could see that a single rat might have the 
following conditions: an approach toward dim light; shock for 
errors; 46-hour deprivation on first test; i-hour deprivation on 
second test, and test in the order of avoidance-avoidance, approach- 
approach, and double-approach-avoidance. No other rat followed 
exactly the same sequence throughout. 

Both measures of withdrawing showed about the same results, 
$0 that one could be substituted for the other in this situation. We 
shall, therefore, present only results showing withdrawing in 
terms of amount of mean maximum pull exerted in “trying to 
get back” into the base of the Y. Graphical representation is 
given in Fig. 43. As we might expect, the avoidance-avoidance 
situation produced the greatest amount of withdrawal under all 
conditions. Also, as we might expect, the approach-approach 
tituation instigated only slight withdrawing behavior. This is in 
line with other findings. The slight evidence for withdrawal under 
the approach-approach situation is due, Brown thinks, to avoidance 
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teadendes produced by the spread of the avoidance gradient 
to the positive stimulus. 

The results show the importance of deprivation time as a vari- 
able. Greater deprivation time should increase the strength of the 
approach tendency and thus reduce the amount of withdrawal. 
This is clearly shown. Shock is shown to be influential in increas- 
ing avoidance tendencies, since with deprivation time held con- 
stant, greater withdrawal is shown in the rats which had been 



1 

■ 1 * 

|35 

- 

- 

a 30 

- 

t hr, daprivattoni 

las 

- 

shock lor errors during training 

|20 


^ 1 hr. deprivation; no 

s 


shock for errors during training 

ei$ 



Ijo 


46 hr. dsprhntlon; 

a 


^ 0 ^ Shock (or erroro during training 

1 ® 
a 

■ 

46 hr. deprivation; no 

»— -.shook for errors during training 

j: 

Appraach* 

Ooubls* Avoldancs- 

£ 

Approach 

Approach- Avoldancs 


hraldinct 

Conflict Situation 

Fra. 43. Withdrawal behavior as a fuoctioa of conflict situation. Adapted from 

Brown (164). 


shocked for errors during learning. Comparatively, however, it 
can be seen that shock for errors does not add as much to the 
withdrawing tendency as 46-hour deprivation of food adds to the 
approach tendency. Increase in the strength of the shock would 
undoubtedly change this relationship. Or, it is possible that by 
reducing deprivation time to, let us say, 20 to 30 hours, the in- 
fluence of the shock would just balance the approach tendencies 
produced by deprivation. 

Psychological withdrawal. Suppose a child does not like to 
wash his hands and face and yet is punished or scolded when 
he doesn’t. The child is told by the parent to “go wash your 
hands and face.” This seta up an avoidance-avoidance situation. 
The child is not likely to leave the house — to withdraw physically 
— although such a response would not be unheard of. Rather, 
the child on the way to the bathroom may get side-tracked or 
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thoroughly engrossed in some other task as if ha had forgotten 
his mission. This behavior suggests a form of psychological with- 
drawal. 

Such considerations indicate that if we set up an avoidance- 
avoidance situation' we might measure amount of withdrawing 
in trams of the number of extraneous and irrelevant activities 
in which S engages. Without detailing the experiments, we may 
say that this expectation has been confirmed by French (too) 
using college students as iSs, and also by Sears with high-school 
students (337). The quantification consisted in both cases of measur- 
ing how long S spent on extraneous activities not pertinent to the 
accomplishment of a task toward which there were conflicting 
tendencies. Psychological withdrawal, as measured by time spent 
on extraneous activities must therefore be added as an index of 
conflict. Such withdrawal will occur only in instances in which 
the avoidance-avoidance situation exists, or in which the avoid- 
ance tendencies in the avoidance-approach or double-approach- 
avoidance situations are stronger than the approach. 

Compromise Responses 

On test trials in the conflict board situation, it was observed 
that some Ss drew lines down the middle of the board — ^halfway 
between the two comers. This illustrates a compromise response 
since both response tendencies showed themselves in a single 
action. Similar results have been observed in other investigations 
(340, 355). Measurement of die compromise response may be 
made in terms of the amount of deviation firom the non-conflict 
movement. 

Compromise responses have been observed in animals but we 
have no instance in which these have been systematically measured. 
On the jumping stand, animals are sometimes reported to jump 
abortively when faced with an insoluble problem. Under normal 
circumstances the animal will hit the card or window with his 
nose and front paws. On the abortive jump it hits the card with 
the side of the body as if there were no expectation that it would 
gain entrance. 

Cook (64) describes certain behavior in rats in an approach- 
avoidance situation which appears to be a form of compromise. 
Rats gradually approached the stimulus situation and then 
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suddenly jumped to the side, or jumped up on the side of the cage. 
The response took the animal no closer to the stimulus and no 
farther away from it. 

Except in the simple spatial situation, such as illustrated by 
the conflict board, no quantification of compromise responses 
has occurred. 

Seizures 

As indicated previously, when a rat placed on the jumping 
stand in an insoluble problem situation refuses to jump, forcers 
are necessary. It was during an experiment in which an air forcer 
was being used that Maier first recorded extremely deviant behavior 
in rats (239). Following the air blasts some of the rats jumped 
from the pedestal, net, or feeding platform and ran wildly in a 
circular path about the room. Some ran headlong into walls, 
chairs, or table legs. After a short period of this violent nmning, 
convulsivc-like behavior appeared. Body tremors were noted 
followed by a state of inertness in which E could “mold” the animal 
into various postures. Then there was a gradual return to normality. 
It appeared as if the avoidance-avoidance conflict situation had 
produced extremely deviant behavior. 

Subsequent research by Maier and others have shown that it 
is not the conflict situation as such which can account for the 
deviant behavior. It now appears that a major factor in producing 
the seizures is the high frequency soimd waves present in the air 
blasts. For example, seizures can be induced in some rats while 
in home cages merely by jangling keys. Since there is no reason 
to believe that conflict is present in such instances, the cause 
must be a susceptibility in some rats to the sound waves produced 
by the keys. How these sounds operate to produce the seizures is 
unknown, although a large body of literature has already been 
built up showing that numerous variables, such as drugs, tem- 
perature, and so forth, will influence the susceptibility of the 
rats to seizures. Finger has reviewed these variables as known 
through 1946 (97). Morgan and Waldman have called the seizures, 
induced by auditory stimulation, audiogenic seizures (s68), and this 
is the term now in common use. 

It is known that certain conditions will lower the audiogenic 
seizure threshold, thus making the animals more prone to exhibit 
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the deviant behavior. One of the psychological variables which is 
important in lowering the threshold is the avoidance-avoidance 
conflict situation. This is demonstrated in an experiment by Maier 
and Longhurst (242). 

The experimental group of animals was trained on the jumping 
stand to make a discrimination between a black and a white circle, 
with the black circle being the positive stimulus. The habit was 
considered learned when 10 errorless responses were made on 
each of three consecutive days. At no time during training was 
an air blast used. Following this training the conflict situation 
was introduced by presenting a screen with only one window. 
Half of the time the card in the window was the positive stimulus 
and half the time it was the negative. If the animal did not jump 
during a 30-second period when either card was presented a blast 
of air of moderate intensity was applied. Previously, the intensity 
of the blast had been shown to be below the seizure threshold for 
most of the rats. 

The control group was comparable in every way to the experi- 
mental group except that its members received no preliminary 
training on the cards. These animals were simply placed on the 
pedestal, and after 30 seconds were exposed to a blast of air. 
The animals did not jump from the blast of air since they had 
no training in jiunping and the air blast was not strong enough 
to force a jump from the stand in the unfamiliar situation. Thus, 
this group was exposed to the same air blasts as the experimental 
group but they caimot be considered to be in the same conflict 
situation as was the experimental group. 


TABLE 19 

Influence of Gonfuct in DEcntEASiNo the Thkeshold of 
AuniooENic Seizures 


Group 

Fnquemy of Seizures | 

Number Rats 

1 Shovoittg Seizures 


Trials 

Seizures 

Per cent | 

Number 

Per cent 

Experimental (N = 37) 

296 

60 


14 

37,8 

Control (N =. 44) 

352 

27 

7.6 

4 

9,1 


Data from Maier and Longhurst (242). 
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The basic results are shown in Table 19, in terms of number 
of seizures and number of animals having seizures. Ten trials a 
day, half with the positive card and half with the negative card, 
constituted one test day, and the experiment ran for eight such 
test days. The data clearly indicate that some factor is added in 
the experimental group which increases the frequency of seizures 
over that shown by the control group. It is Maier’s belief that 
this feature is the conflict produced by the insoluble problem 
situation. Thus, frequency of seizure becomes an index of conflict 
when compared with frequency in a non-conflict situation. 

Performance Changes on Standard Task 

As in the case of the study of frustration induced by methods 
other than conflict, performance on a given task may be expected 
to be influenced by conflict situations. Three different approaches 
to this problem will be studied. 

Regression. We are already familiar with the concept of 
regression as indicating a reversion to an earlier form of behavior. 
In the previous chapter an instance of experimentally produced 
regression in children was discussed. At this point we wish to 
review the animal studies. The basic pattern of several experi- 
ments has been the same. Habit A is acquired first. Following 
this, an opposed habit, B, is learned to the same situation, thus 
requiring habit A to be abandoned. On test trials E gives the 
animal a strong electric shock and observes which behavior 
sequence follows, that is, whether the animal executes Habit A 
or B. If the shock causes Habit A to be reinstated, regression is 
said to have occurred since the animal is now “going back” to 
an earlier form of behavior. We need to consider three studies to 
give us the essential methods. 

I. The Mowrer Stu^, Mowrer (274) constructed a small box 
with the floor entirely covered by a steel grid through which 
shock of controlled variable intensities could be administered. At 
one end of the box a small lever projected from the wall. In 
a normal training series the rat was f)laced in the box and the 
intensity of the shock gradually increased. The physical activity 
of the rat was directly correlated with the intensity of the shock 
and sooner or later the animal would (by chance) hit the lever 
in the box, shutting off the' current in the grid. Immediately, 
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however, the current would start to build up and again the rat 
was required to hit the lever to escape the shock. Learning in 
such a situation is precipitate. The very wise rat might deposit 
himself on the lever and stay there. 

In his demonstration of regression, Mowrer used an experi- 
mental and a control group. First, the experimental group was 
placed in the box with the lever vnthdrawn. The characteristic 
response shown by these rats was that of sitting on their hind 
legs which, it is presumed, diminishes the intensity of the shock. 
This habit, sitting on hind legs, may be designated Habit .< 4 . 
Habit B consisted of learning the Iever*pressing response to escape 
the shock. The experimental group was able to accomplish this 
although it took considerable prodding to get the rats to abandon 
the sitting habit. A control group learned Habit B only. Thus 
we have; 

Experimental: Habits (sitting) Habit £ (lever-pressing) 

Control: Habit B (lever-pressing) 

In order to induce a conflict situation on test trials, Mowrer 
wired the lever so that a shock would be received through it 
when the rat touched it. Thus, animals could proceed with 
Habit B but would have to sndure a slight shock in order to escape 
a much greater shock to the feet. The results show that animals 
in the control group continued to execute Habit S for 10 trials, 
i.e., they “took” the riiock through the lever. Of the five animals 
in the experimental group, however, four reverted to Habit A 
at tile moment they felt the shock fi'om the lever; that is, as soon 
as these animals felt the shock they sat up on their hind legs. 
The difference in the behavior of &c control and experimental 
animals provides the demonstration of regression. 

a. A T-maze Experiment, Several Es have studied regression 
with the use of a simple T-maze or modification thereof. The 
earliest study was performed by Hamilton and Krechevsky (137} 
and will be used here as illustrative of the general methods and 
results. 

In this study the T-maze was modified so that one arm of the 
T was twice as long as the other. Habit A conristed of making 
a left turn into the riiort alley. If food is present at the end of 
both arms, rats will eventually come to take the shorter path to 
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food. The animals were given 10 free runs a day until 90 per cent 
of their last 50 runs were to the shorter alley, hence, a left turn. 
For establishing Habit B the maze was turned over so that now 
the "correct” path — the short path — ^was entered by a right turn. 
The right turn would thus be an antagonistic response to the 
left turn defining Habit A. Enough trials were given on Habit B 
so that it was dear Habit A was breaking down — the left turn 
was being avoided. 



The test periods consisted in shocking the rat just before it 
reached the choice point at the junction of the two arms. If 
regression occurs, the number of animals following Habit A 
should be greater than the number of a control group which had 
no shock. We would expect the control group to continue follow- 
ing Habit B. The results are shown in Fig. 44. Also shown are 
the last three training periods on Habit B, demonstrating that 
before the introduction of the shock the two groups were per- 
forming equally well on this habit. After the introduction of 
the shock, however, the experimental group shows a decided 
increase in the frequency of A responses. The number of A 
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responses remains relatively constant for a total of 100 trials (10 
test periods). The difference in the behavior of the two groups 
must be attributed to the shocks given the experimental group. 

3. A Multiple-Choice Situation. Kleemeier (aoa), after studying 
the methods and results of several investigations in the T-maze, 
suspected that one significant interpretation had been overlooked. 
When a two-choice situation is used, the influence of the shock 
might not be that of precipitating a return to an earlier learned 
habit as such, but rather one of bringing about an avoidance res- 
ponse to the continuation of the B habit. If the shock produces an 
avoidance response to B, where else can the animal go but to 
A? If this is true, Kleemeier argued, shocking a rat at the junction 
of a multiple-alley situation would show that in the cases of those 
rats not continuing Habit B, the choices would be about equally 
distributed among the other alleys. This would be evidence that 
the animals were not “going back” to Habit A, but rather, were 
avoiding B. 

To test this hypothesis, Kleemeier constructed a maze with 
four arms leading off firom the junction instead of the two in 
the simple-T. An animal was trained to go down first one of the 
fom alleys (Habit ^ 4 ) and then down a different alley (Habit 5 ), 
food being the incentive for both habits. All possible combinations 
of alleys were used for the different sub-groups of animals. One 
group would acquire A in Alley I, and B in Alley II ; another group 
would learn A in III, and B ial, etc., $0 that alley bias should 
not prejudice the results. With four alleys there are six com- 
binations of alleys taken two at a time. If we reverse the order 
of alleys for each of the six combinations the total number of 
sub-groups needed is is. In this experiment, 60 rats were divided 
into IS sub-groups of five each to effect complete counterbalancing 
of alleys taken two at a time. 

After training, 50 trials were given with shock delivered just 
before the animal reached the junction point. Since there were 60 
rats, a total of 3000 trials was involved. The results, as given 
in Table so, show that about 50 per cent of the animals continued 
with the B habit. This figure is roughly equivalent to those found 
in several simple-T maze studies. To confirm Kleemeier’s hypo- 
thesis that so-called regression responses may only be avoidance 
responses to the B alley, we would expect the remaining 50 per 



368 


EXPERIMENTAL PSYOHOLOOY 


cent of the runs to be almost equally distributed among the other 
three alleys, or about 17 per cent in each. This is not the case. 
On 97 per cent of the trials the animals took the Habit A alley, 
whereas they took the remaining two alleys about la per cent 
of the trials. There is thus some evidence for regression; trainiog 
on a given alley determines to some extent the response which 
will be made when an on-going habit learned later is shocked. 
It is clear, however, that the evidence for regression is not strong, 
and this experiment shows the importance of the availability of 
other alleys. 


TABLE 20 

Reorxssion in a Four-Choice Maze 



Habit A 

Habit B 

Digression 

Number Choices 

805 

1478 

717 

Percentage 

26.83 

49.27 

23.90 


i* Habit A would be considered a regression response; Habit B a con- 
tinuation of the response most recently learned, and the digresnon 
responses those cases in which rats took one of the two other alleys 
available. Data from Kleemrier (202). 

At present the empirical facts concerning regression show 
that when an on-going behavior is disrupted the animal is likely 
to return to an earlier learned habit with greater than chance 
frequency. From several experiments we know that the amount 
of regression is a funedon of manipulable variables. For example, 
shock must come in the maze and not outside the maze — die shock 
effects are specific to the situation and the on-going performance 
of Habit B (330) ; regression may be evident at the first choice 
point of a two-unit maze but not at the second (395) ; the stronger 
the B habit the less the likelihood that regression will occur (349). 
One variable, intensity of shock, has not been manipulated. 
Differences in amounts of regression found among various ex- 
periments may well be a function of this factor.* So far as we 
can tell at present, the interpretation of regression, like the more 

*One may wonder why the rat continuea to run on successive trials when 
it gets shocked on each of these trials as in the Hamilton-KrechevsW experi- 
ment An adequate explanation has bosn ofiised by Farber (93, Footnote, 
p. 115). The complmdty of the esplanadon predudes its discussion heic. 
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dear-cut conflict phenomena, must be based on learning prin- 
dples. It is presumed that regression occurs when the avoidance 
of the B habit produced by the shock is stronger than the avoid- 
ance of the A habit originally set up when B was being acquired. 

Fixations. Under the influence of strong shock, rats may 
devdop extremdy stereotyped responses. These responses are 
exceedingly resistant to change and will persist for many trials 
after the shock has been removed. Inasmuch as they are not 
appropriate to the situation after the shock has been diminated, 
they may be considered a form of deviant behavior. 

While most Ea have demonstrated fixations by the use of shock, 
Klee’s work (201) makes it dear that other forms of severe 
punishment may result in fixations. Klee first trained rats on a 
jumping stand discrimination problem. After training, the prob- 
lem was made insoluble and the rats were forced to jump by 
air blasts or by very long periods of food deprivation. Klee observed 
that a rat would develop a characteristic response to this insoluble 
situation; for example, it always jumped to the left window. 
When the problem was then made soluble the characteristic 
response developed by a rat would persist over scores of trials, 
and, as compared with control rats, the emergence of an adaptive 
or correct response was long ddayed. The difference in behavior 
of the control animals (not having had the punishment) and the 
experimental animals defines fixation. 

Fixations are not to be tho\^ht of as responses differing in 
kind from an ordinary learned response. Farber’s (93) theoretical 
and experimental analysis of fixations makes it appear very likely 
that these responses are produced by principles which are no 
different from those producing normal learning. We wiU not 
eonsider this matter fhrther at this point since it would take us 
far afield into theories of learning, a topic we are reserving for a 
later chapter. 

It is improbable that human punishment situations as used in 
the laboratory are comparable to those used for producing 
fixations in rats. Fixation by definition represents low variability 
of response, and with humans the usual effect of punishment is 
to increase variability (337}. Fixations comparable to those pro- 
duced in rats have not been produced experimentally in humans. 
However, the persistence of certain hiunan habits in spite of 



a 70 EXPERIMENTAL PSYCHOLOGY 

their non-adjustive nature makes it likely that such phenomena as 
fixations are not restricted to animal behavior. 

Discriniinatiou breakdowns. When a conflict is induced by 
pushing a discrimination problem to the point where the animal 
is no longer able to differentiate, it has been noted that the animal 
may lose its ability to make even much easier and well-established 
discriminations. This was first noted by Pavlov and has been 
verified by many Es. There have been no systematic quantitative 
reports on how the amount of loss of discrimination ability is 
related to such factors as length of training in the difficult dis- 
crimination situation, the amount of conflict as inferred from 
other indices, and so forth. However, the frequency with which 
the phenomenon of discrimination breakdown has been reported 
leaves no room for questioning its authenticity. 

It is conceivable that we might present human Ss with a dis- 
crimination situation which gradually becomes more difficult. 
In the kinds of situations which we might set up in the laboratory, 
however, Sb would probably just shrug their shoulders and in^- 
cate they don’t observe a difference. However, if some form of 
punishment were added, deviant behavior noight result. In one 
experiment (99) two visual stimuli were presented to S with 
instructions to indicate which was the brighter of the two, S 
was given 10 seconds in which to respond, or else a shock was 
given at the end of the lo-second period. Moreover, if S named 
the wrong stimulus he was shocked. Initially, the two stimuli 
were easily discriminated — there was a very noticeable difference 
in brightness value. The difference between the stimuli was then 
gradually narrowed until S made three consecutive errors; then 
the descending order was repeated. Among the findings was the 
fact that as the number of series increased, S had more and more 
difificulty with the easier discriminations — those readily distm- 
guished on preceding trials. This was likened to the breakdown 
of discrimination in animals. 

It is difficult to determine whether the finding of decreased 
discrimination ability in this experiment represents a true state 
of affairs or is an artifact of the situation. S might soon discover 
that for any given series he was going to get three consecutive 
shocks sooner or later, and that when near the threshold he 
might actually get many more before a new series was started. 
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Thus, near the threshold he might make an error and get shocked; 
ynalfft a correct response and receive no shock; make two incorrect 
responses and get shocked for each, and so forth, for a considerable 
period of time before he actually made three consecutive errors 
and could start over again with stimuli which were easily dis- 
criminable. If we grant that S soon discovered that by voluntarily 
making three consecutive errors somewhat early in the series he 
could start a new series, this could account for what appeared to 
be a reduction in discriminative ability. 

General Observations 

Finally, in addition to the measures of conflict thus far dis- 
cussed, we shoxild mention that most Ea record their general 
observations of the behavior of 58 . Most of the observations are 
used for inferring the existence of eihotional disturbances in the 
organism. Among animals, vocalizatiop is a common response to 
a stress situation. Rats will squeal and struggle; dogs will bark, 
whine, and bite at the apparatus. Other animals show similar 
behavior. In certain instances (64, 2:9) animals seem to become 
hypersensitive to touch. Merely brushing the hand across the 
rat’s leg may bring loud squealing and struggling. Certain other 
indices of upset have been used, such as amount or frequency 
of defecation and urination. The observations are sometimes 
reported in terms of percentage of animals showing the various 
kinds of behavior. 

BASIC VARIABLES IN THE CONFLICT SITUATION 

From the material we have covered, and from a few additional 
considerations, we will be able to point out certain manipulable 
variables which cause the amovmt of conflict to vary. In some 
cases the data are fairly clear-cut; in others it will be necessary 
merely to suggest the probable variables and the relationships 
which obtain. 

In any conflict situation the most important single factor 
which wUl determine the amount of conflict is the relative re- 
sponse strengths of the opposed tendencies. Unfortunately, how- 
ever, there are several conditions which E may manipulate to 
change relative response strengths so that in actual practice a 
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series of sub-variables will have to be indicated as those actually 
manipulated. 

It is presumed that maximum conflict will take place when two 
opposed response tendencies are exactly equal in strength. It is 
doubtful that such a pure situation can be devised, but approxi- 
mations to the condition are possible. Sears and Hovland (340) 
have found that if two incompatible movement responses are 
given an equal number of trials, greater blocking will occur on 
a test trial than if an unequal number of trials are given. The 
same general principle has been derived in verbal learning situa- 
tions where two different responses to the same stimulus have 
been learned (383). There seems to be no reason to doubt the 
general principle that the more nearly equal are the opposed 
response tendendes the greater the conflict. In relativdy simple 
situations at least, maximum conflict is to be inferred when blocking 
takes place. 

It is reasonable to suspect that as the incompatible responses 
become more and more unequal in strength, there will be a suc- 
cession of response-types, from oscillation or vicarious trial and 
error, to the point where immediate approach or hnmediate 
avoidance takes place (no measurable conflict). Thus, we might 
predict that different forms of conflict (along a continuum) will 
take place as a function of the rdative response strengths, and 
in so far as E can control or measure these strengths, the kind 
of behavior which will occur could be predicted. In simple motor 
responses, data are available for such predictions (340), 

Gradients of approach and avoidance. The problem of pre- 
diction in a spatial type of conflict is further complicated by 
the fact that Acre are gradients of approach and gradients of 
avoidance which do not necessarily have the same slope. These 
gradients imply that the strength of the response tendency to 
approach (or to avoid) varies inversely as the distance of the 
organism from the incentive. This has been shown in animals 
by measuring the speed of running and the strength of pull 
when the animal is placed at various distances from a goal (41). 
The avoidance tendency has been shown to vary in strength as 
a function of distance &om the avoidance stimulus by placing 
the atflmal at various distances &om this stimulus and measuring 
the speed and force with which the animal retreats (47). 
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Miller’s analysis of various data (259) on gradients of approach 
and avoidance also makes it dear that the avoidance gradient is 
steeper than the approach gradient. The implications of this may 
be suggested by an illustration. Suppose it was determined that 
the strength of an approach tendency when an animal was just 
out of reach of a piece of food was the same as the strength of 
an avoidance tendency at a point right next to an electric grid 
which had been used to shock the animal. Now we put the food 
on the grid and place the rat, let us say, 5 feet away. Will he 
approach or retreat? If the avoidance gradient has a steeper 
slope than the approach gradient we would expect the animal 
to approach to the edge of the grid at which point the tendendes 
arc equal. Thus, on the basis of differences in the slope of ap- 
proach and avoidance gradients, relative response strengths will also be 
determined by distance of , the organism from a negative or positive stimulus 
situation. 

Let us take another illustration to show how neatly the differ- 
ence in slope of approach and avoidance gradients will allow 
for prediction of behavior. Miller (259) reports these observa- 
tions from work on a straight-alley maze. First, Miller determined 
the strength of pull of a rat away from a shock at one end of die 
maze. Then he determined the strength of puU toward food. Both 
measurements were made in dose proximity to the shock source 
and food respectively, and imder these conditions the avoidance 
tendency was stronger than the approach tendency. Next it was 
shown that at some distance away from the food and shock source 
the approach tendency was stronger than the avoidance tendency. 
This implies that the two gradients cross each other; hence, have 
different slopes. 

We may schematize this situation by assuming the straight- 
alley maze to be the absdssa of a graph on which the ordinate 
represents response strength (Fig. 45). After the approach and 
avoidance tendendes were set up by the rat’s reedving food 
and shock respectively in the left end of the maze, what pre- 
diction would we make concerning his behavior if he is then 
placed in the starting box at the right end of the maze? Initially, 
the rat should start running toward the other end — ^the food box 
end— since the approach tendency is strongest. However, at the 
point whtfe the two gradients intersect (dotted line), the rat 
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should halt, because the two tendencies of approaching and avoid- 
ing are of equal strength. This is exactly what the animal did 
in one such situation. He started running down the alley and 
then literally skidded to a halt, subsequently showing alternate 
approach and avoidance behavior. 



Fto. 45. Prediction of conflict behavior on the basu of differences in slope of 
approach and avoidance gradients. See text for complete explanation. 

Several other predictions have been made and confirmed con- 
cerning the implications of the difierence in slope of the approach 
and avoidance gradients. Distance from a goal, or from a negative 
incentive, appears to be a clear variable in determining response 
strength. 

Known and Probable Variables 

When we consider the problem of variables, we have one general 
question to ask: “What are the factors which cause conflict responses 
to vary in amount or degree ?” Let us set down in step form the 
relationships between manipulable stimulus variables and conflict 
responses. 

I. JUlative response slrei^ths of inconpatible tendencies. The 
more nearly equal the opposed tendencies the greater the con- 
flict E may manipulate the strength of a given tendency by: 
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a. Varying number of training trials. 

b. Varying amount of positive incentive, e.g., amoimt of food, and by 
varying amount of negative incentive, e.g., amount of shodc, 

e. Varying approach tendencies in terms of strength of motivation, 
e.g., hours of deprivation. No equivalent manipulation is possible 
for avoidance tendencies. 

d. Varying distance from negative and positive stimuli. This would 
be based on empirically determined differenees in slope of approach 
and avoidance gradients for given negative and positive incentives. 
It is not known, for example, whether or not different kinds of 
negative incentives produce different slopes of their respective 
avoidance gradients. 

a. Nature of the incompatibility. Nearly all studies have tended 
to show that an approach-approach situation produces very little 
conflict behavior as compared with the other three types of 
situations. Among themselves the other three situations have 
been shown to produce varying amounts of conflict (e.g., Brown’s 
study). We cannot be sure that this is due to the intrinsic nature 
of the situations or whether otlier factors, such as relative response 
strengths, have also varied. 

3. The absolute strength of incompatible tendencies. We may keep 
relative strengths of tendencies constant and vary absolute 
strengths by the methods indicated in i~h, and i-c. Evidence 
tends to suggest that the greater the absolute strengths, the more 
severe the conflict responses. We may consider as severe conflict 
responses those which are indicated by seizures, strong fixations, 
withdrawal to a point of starvation, and strong emotional re- 
sponses. These will be indicative of severe conflict as compared, 
for example, with vicarious trial and error. The latter may occur 
with the former, but when it occurs alone, conflict is small in 
amount. 

4. Duration of exposure to eonjliet situation. Some evidence would 
support the principle that in situations in which physical restriction 
is high, the length of exposure is directly related to amount of 
conflict. Let us quote Liddell on this matter: 

The daily period of self-imposed restraint to which the animal is subjected 
in the conefltioning laboratory, together with its relinquishment|Of initiative 
and spontaneity within the testing period, we now believe, lays the 
foundation for the pathological outcome of long-continued training 
(a> 9 . p. 395). 
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There is another problem concerning the variable of duration 
which has received little attention. We refer to the resolution of 
conflicts. What mechanisms^ for example, bring about the resolu- 
tion of the conflict when the rat is “caught” in an approach- 
avoidance situation in a straight-alley maze? What happens as 
a function of duration of conflict, which resolves it? Do the 
approach and avoidance tendendes extinguish or weaken? Are 
there other responses which interfere with conflict responses? 
Very little is known about these problems. 

5. Escape possibilities. This applies most spedflcally to the 
avoidance-avoidance situation. It seems dear that the greater the 
escape possibilities the less is the conflict as measured by all other 
indices except withdrawal. 

EMOTION AND MOTIVATION 

Throughout this and the previous chapter, and to a lesser 
extent in the chapter on motivation (VI), we have used the term 
emotion without defining it. We stated only that it was used as 
a synonym for motivation. We are now prepared to consider this 
matter more fully. 

The status of our knowledge concerning emotional processes 
as usually treated can only be described as lacking or confused. 
There are physiological changes concomitant with what are com- 
monly called emotional states, but there is little agreement as to 
the rdationship between these physiological changes and a par- 
ticular emotion (6). For our ptnpose, then, it will be important 
to get a point of view or conception of emotions which will 
integrate with other concepts with which we have dealt The 
point of view to be suggested here is for the sole purpose of 
giving a working orientation for the prediction of behavior. It 
makes no attempt comprehend the physiolo^cal processes 
involved. 

It is proposed that we conceive of emotion as a variable state 
of the organism, the variation being described in terms of a 
dimension of emotional tone or tension. We do this without 
attempting to make a critical differentiation between emotional 
states. This dimension would extend from a point of low emo- 
tional tention (sometimes described as apathy, lethargy, ennui. 



OONFLIOT 


277 

and so forth) to a point of high emotional tension (sometimes 
described as excitement, anger, rage, and so forth). 

It is further proposed that we conceive of motivation variations 
as lying along exactly the same continuum. This indicates that 
in terms of hincdonal relationships which hold between varia- 
tions in motivation and performance, and between variations in 
emotional tone and performance, we are dealing with the same 
process, or at least different aspects of the saihe process. We 
have used changes in tension as the basic measurement &om 
which we infer changes in motivation. We may think of the same 
measurement as the basic index for inferring changes in emotional 
tone, and if we do this, we cannot scientifically distinguish between 
the two. 

If past practices have been interpreted correctly, strong emo- 
tions, such as rage, fear, or anxiety, have been used to describe 
what we have referred to as the high end of the motivational 
continuum, and such states as sorrow and dejection have been 
used to describe the low end of the motivational continuiim. 
There seems to be no reason to keep the two conceptual cate- 
gories separate, especially since the data, although somewhat 
skimpy, show that in terms of performance changes, both motiva- 
tion and emotion show the same relationships. Briefly, let us 
sum up this evidence which has been scattered throughout the 
last three chapters. 

We may state the general principle that when an organism is 
working at either extreme of the motivation-emotion continuum, 
a decrement in performance will result as compared with middle- 
of-the-continuum performance. How much decrement occurs will 
depend upon many variables, such as'type of task, stage of learning, 
etc., but the general principle holds. It is a rare case in which the 
optimum motivation-emotion condition is at the high end of the 
continuum. Furthermore, it is doubtful if an organism can operate 
at the high end for any long period of time without physical 
breakdown. We might even suspect that the upper quarter of the 
continuum represents the “ulcor range.” 

Let us sample the evidence concerning the organism working 
at the high end of the continuum: 

I. Induced tension beyond a certain point produces a decrement in 
learning. We have conceived of induced tension as a method of increasing 
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motivation. It has been suggested by some that learning is inhibited at 
high tension levels because of the emotional states which appear. We are 
suggesting that these emotional states and high motivation are one and 
the same thing. 

3. Problem-solving ability will decrease under so-called strong e mo t;niifl1 
responses following frustration. Non-adjustive, bull-dozing bdiavior 
emerges when over-stimulation occurs. 

3. Strong punishment leads to panic-type responses and it is observed 
that the variability or plasticity is reduced. This rigidity reduces the 
probabilities of adjusting to a new situation. 


Experimental evidence of the relationships between perform- 
ance and the low end of the motivation-emotion continuum is 
consistent throughout. We have seen several instances in which 
frustration appeared to lead to apathy and dejection, performance 
scores decreasing concomitantly. This, we suggest, is motivational- 
emotional deterioration. Anecdotal and case history evidence will 
further substantiate the general relationships between emotion and 
motivation and the two extremes of the continuurn. 

Without ever considering the extremes of the continuum, and 
how these extremes are correlated with performance decrement, 
we have evidence that the so-called emotions have the same 
functional properties as do motives, i.e., they energize, direct, 
and sustain behavior (cf., Leeper, 21a, for a summary of these 
functional properties as well as an excellent discussion of the 
whole problem of emotions and their definition). For example, 
Miller (a6o) has recently shown that if a rat, shocked in a box 
for several triab, is allowed to escape to another box after each 
shock, the avoidance response (fear) to the situation will per- 
petuate itself so that it may be used to establish a new response 
of lever-pressing. The latter is true even though the shock as 
such has long since been removed. The stimulus situation asso- 
ciated with the shock became effective in producing escape moti- 
vation, and this motivation served as the basis for the acquisition 
of a new habit. This, of course, is a dear case of derived motiva- 
tion called fear. Anxiety, commonly considered an emotional state 
of undercurrent fear, is quite generally accepted as a fundamental 
motive in human adult behavior; your own self-analysis will assure 
you of this. 
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Are there motives which are not emotional in nature? We do 
not think so. Our conception is that so-called emotional states 
represent the high and low end of the motivation-emotion con- 
tinuum, and that any motive, when it becomes strong, will produce 
behavior which normally would lead us to infer an emotional state. 
The important point is that emotions and motivation are func- 
tionally equivalent — are interchangeable when we want to predict 
behavior. We propose to think of them as one and the same 
thing. 


SUMMARY 

I. Conflict is a method used to produce frustration. By this 
method, two incompatible response tendencies are simultaneously 
elicited. 

3. Four general conflict situations were schematized in spatial 
terms. These were; (a) approach-approach, (6) approach-avoid- 
ance, (c) avoidance-avoidance, and (d) double-approach-avoid- 
ance. 

3. General experimental methods were outlined for setting up 
each of the above kinds of conflict situations. 

4. Methods of response measurement and analysis were dis- 
cussed at some length. As we would suspect, many responses in 
the conflict situation are the same as those responses to frustration 
induced by other methods. The conflict situation has additional 
responses which appear to be intrinsic to it. All response devia- 
tions are actually or assumed to be determined by comparison 
with a control condition in which there is no incompatibility of 
responses. The following response measures were illustrated: 
(a) latency, (b) vicarious trial and error, (c) withdrawal, includ- 
ing both psychological and physical withdrawal, (d) compromise 
responses, («) seizures, (/) performance changes, including regres- 
sion, fixation, and discrimination breakdowns, (g) general 
observations. 

5. Basic variables were discussed and thar relationship with 
amount of conflict stated. These variables are; (a) relative re- 
sponse strengths, (i) nature of incompatibility, (c) absolute strength 
of responses, (d) duration of exposure to conflict, and (e) escape 
possibilities. 
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6, Finally, a proposal was advanced that we view emotions as 
continuous with motives, and speak of a motivation-emotion 
continuum. 

We have seen that conflict studies have similarities to the 
psychophysical studies considered in the early chapters. We shal l 
see in Ae next chapter on transfer of training that de-traumatized 
conflict is common. In all studies of learning where interference 
among responses is observed, we are probably dealing with con- 
flict of a less traumatic nature than discussed in this chapter. 
Basic principles for the prediction of behavior should be common 
to aU responses where interference is noted. 



CHAPTER IX 


Transfer of Training 


INTRODUCTION 

A trans-oreanic Lockheed Constellation landed at Shannon Ai]> 
field in Eire and started to taxi to the unloading zone. The pilot 
ordered “flaps-up” and the co-pilot autqmatically reached for a 
lever on the left side of the seat. The lever was pulled, the wheels 
came up and the plane dropped 7 feet to the runway and was 
badly damaged. Investigation showed that the co-pilot had been 
trained earlier on another type of transport plane in which the 
flaps-up lever was in the same position as the wheels-up lever on 
the Constellation. This earlier learned response, pulling lever at 
left to stimulus “flaps-up,” had momentarily displaced the newer 
response of pulling the proper lever to the stimulus. This is an 
illustration of transfer of training. 

Definition. The influence of previous experience on current 
performance defines transfer of training. To be most meaningful, 
however, the definition should be thought of in terms of the 
operations by which transfer is measured. The experimental para- 
digm must include two activities or tasks, and an experimental and 
a control condition. Let X stand for the first task and Y for the 
second; the operational definition of transfer is then given by the 
difiference in performance on Task Y under the following two 
conditions; 


Experimental Condition; Task X Task Y 

Control Condition; Task Y 


If the effect of Task X is to inhibit performance on Task Y, 
negative transfer has taken place. If the effect of Task X is to 
facilitate performance on Task Y, positive transfer has taken place. 

s8i 
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The performance of the confused co-pilot in the above story 
illustrates negative transfer, as does the evidence for interference 
between habits given in the previous chapter on conflict. Ex amples 
of positive transfer are so commonplace that we often overlook 
them. We are able to learn algebra more easily as a consequence 
of mastering arithmetic; we may understand the game of softball 
more readily because of a knowledge of baseball; we hope we shall 
be able to grasp the material in this chapter more quickly as a result 
of having studied the earlier chapters. 

As indicated, transfer effects may be positive or negative. We 
should add, however, that in some situations measurements may 
show neither positive nor negative transfer, hence we observe 
zero transfer. Zero transfer may result in two ways: (i) conditions 
for transfer of any kind are absent, or (2) conditions for both 
positive and negative transfer are present simultaneously and 
the two opposed effects cancel. If we consider the entire develop- 
mental history of the organism, especially the early years, we can 
see that the net effects of transfer must be positive or the organism 
will not survive. 

We may think of empirically derived transfer effects as varying 
along a continuum one end of which is labeled “high positive 
transfer,” the other "high negative transfer,” with a point of 
“zero transfer” in the center. At the empirical level’ the study of 
transfer of training resolves itself into a search for stimulus dimen- 
sions producing the wide range of transfer effects. 

Orientation to topic. We have said that when an organism is 
placed in a problem situation trial behavior results. This was sug- 
gested by the several arrows in Fig. 3, Chapter I. Basically, the 
study of transfer of training is an attempt to discover the condi- 
tions which produce the specific trial responses, i.e., the conditions 
which cause the appearance of one response instead of another. 
It is a well-founded belief that when an organism is placed in 
a relatively new situation it will respond in a way which has been 
successful in previous situations similar to the present one. If the 
transferred responses are adequate or correct, positive transfer 
occurs; if they are more or less persistently inadequate or incor- 
rect, negative transfer occurs. We have studied motivation and 
the effects of blocking motivated behavior; now, we are ready to 
study the factors which determine the adequacy or inadequacy of 
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previous experience as the motivated organism is faced with a 
problem situation. 

The topic of transfer of training has a long and somewhat stormy 
history. It has always been a central problem in theories of educa- 
tion, since formal education is given under the assumption that 
such training will transfer in part to real life situations. For decades 
almost unlimited positive transfer of training was basic educational 
philosophy. For example, Latin was learned so that English and 
other languages could be mastered more easily; Homer was 
memorized so that the faculty of memory could be improved; 
geometry was a required subject because the study of it would 
improve reasoning. Shortly after igoo, experimental attacks were 
laimched to test the validity of these assumptions. From many 
researches we now know that the gross assumptions indicated above 
are unsound, and that positive transfer in such instances is very 
limited indeed (198, 233, 422). 

Of course, we must still make assumptions concerning the 
transfer effects from the school room to other situations. These 
assumptions, however, are much less sweeping in character than 
was formerly true, since they usually refer to specific skills. This is 
implied by Stroud when he says: “The only object in teaching a 
child to coimt ducks, is to teach him to count; to count anything 
that can be counted” (371, p. 366). We do not expect training in 
counting to influence appreciably any skill but counting. 

Order of topics. Because of the breadth of this subject, we shall 
omit from the present chapter certsiin details of experimental 
design involving procedures with which we are not familiar. The 
following chapter, however, will be devoted entirely to a con- 
sideration of design problems. The nature of these considerations 
is such that we must know certain facts about transfer of training 
before they will be meaningful. 

We have suggested that an organism responds to relatively new 
situations in a manner appropriate to earlier similar situations. 
Thus, similarity between the first and second tasks becomes a 
basic dimension causing transfer effects to vary. Much of the 
chapter will be concerned with ways of manipulating similarity 
between two tasks. Other variables are actually secondary in 
determining transfer effects. This is apparent in the following order 
of topics of the chapter: 
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I. Methods of response measurement 

3. Similarity and transfer: a working orientation 

3. Dimensional variations in similarity 

4. Non-dimensional variations in similarity 

5. The Influence of secondary variables 

METHODS OF RESPONSE MEASUREMENT 

Prelindnary design considerations. The paradigm which 
operationally defines transfer also describes a basic experimental 
design. The effects of transfer are measured in terms of diflferences 
in mean performance on the experimental and control conditions 
on Task T. Design Method II (Chapter V) requires that the groups 
be matched, one group serving in the control condition and the 
othcr(s) in the experimental condition. Matching may be on the 
basis of a highly correlated task or on the initial trials of the task 
to be used in the experiment. The latter is accomplished by giving 
both groups a few trials or a short period of work on Task T at 
the outset. Then, the experimental group is given work on Task X, 
and finally, both groups are measured again on Task T. Diagram- 
matically, this would appear as follows : 

Experimental: Task T Task X Task T 

Control: Task J" Task T 

Differences in performance of the two groups on the final test of 
Task Y would be a function of Task X. It should be recognized 
that the use of the forctest on Y to obtain data for matching will, 
to a certain extent, obscure the total transfer effect of X on Y. 
This is true because both groups will have had some acquaintance 
with Task Y before the transfer test is made. Moreover, initial 
experience with Task Y will probably have some transfer effect 
on Task X in the experimental condition, and this may not be 
desirable in some experiments. 

Under certain conditions it is possible to measure transfer efiects 
by the use of a single group of iSs serving in only one condition; 
namely, the experimental condition as outlined in the experimental 
paradigm given to define transfer. The necessary restriction is 
that the two tasks, X and Y, be of equal difficulty. If they are of 
equal difficulty a comparison of the scores on Task X with those 
on Task Y will indicate the amount of transfer. We seldom have 
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two tasks which are known to be of equal difficulty, so that in 
actual practice the method is infrequently used. 

Units of measurenoient. For most tasks, one of the following 
four units is applicable: (i) trials to attain a given level of mastery; 
(a) time to attain a given levd of mastery; (3) level attained 
after a given time or given number of trials; (4) number of errors 
made in attaining a given criterion of mastery, or number of errors 
made during a given period of time or for a given number of 
trials. More than one measure is often employed in a single experi> 
ment. The amount and direction of transfer (positive or negative) 
will be determined by comparing the mean performance on the 
control condition with the mean performance on the expofimental 
condition on the common task. 

The raw score units are sometimes expressed in percentage 
figures. Such a procedure is necessary, of course, if the transfer 
effects of one set of tasks are to be compared with those of another 
set in which the raw score units are different. There are several 
ways of expressing the transfer in percentage figures (102), but 
one illustration will do for our purpose. Let C stand for the mean 
of the control group on Task and E the mean of the experi- 
mental group on the same task. The amount of transfer e:q>ressed 
in per cent would be: 


If the raw score unit of measurement is such that the larger the 
value the poorer the performance (as in trials to reach a given 
criterion of mastery), ffie resulting per cent value will be negative 
if the transfer is negative and positive if the transfer is positive. 
If the unit of measurement is such that the larger the value the 
better the performance (as in level of mastery for constant number 
of trials), the signs will be reversed. 

In a given transfer situation there may be conditions producing 
positive transfer and other conditions producing negative transfer. 
Furthermore, the infiuence of these conditions may vary markedly, 
depending upon the level of performance on the second task. 
Task T. The measurement we take at any point in performance 
on Task T will nevertheless show only the net effects of the 
two infiuences; the measurement will show either positive or 
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negative transfer, but not both. Consequently, to evaluate the 
interaction of positive and negative transfer we must take a series of 
performance measures on Task T. 

SIMILARITY AND TRANSFER: A WORKING 
ORIENTATION 

Similarity is a multiple variable in that it has several independent 
operational definitions. Furthermore there are (usually) several 
components of two tasks between which a given similarity relation- 
ship may hold. Thus, the problem of relating transfer and similarity 
is a complex one. 

The attempt to simplify the study of similarity and transfer 
involves two aims: (i) making the exemplary transfer situation as 
analytical as possible; and (2) providing a theoretical orientation 
whidi will unify the results from various similarity dimenajon !;. 
The first objective may be accomplished by use of the paired- 
associate learning situation, and the second objective may be 
realized by an application of the principle of generalization. 

The Faired-Assodate Technique 

The paired-associate technique, used primarily with verbal 
material, is a method wherein S' is presented with a series of pairs 
of words, the first member of the pair being the stimulus and the 
second member the response. 5 is to associate each response with 
its stimulus, so that when he sees only the stimulus he can make 
the response. Thus, in the instance, DESK—ARMT, he would 
learn to say ARMT when DESK is presented. 

Paired associates are customarily presented on a memory drum, 
a device which can expose one pair of words at a time, and each 
successive pair for the same time interval. Typically, the stimulus 
word of a pair is presented for 4 seconds. During the first s seconds 
of this period the stimulus appears alone, but during the last 
2 seconds the response is shown with the stimulus. Then, the 
stimulus word of the next pair is shown, and so on down through 
the list. iS* is to learn to call out the appropriate response to each 
stimulus word before the response word appears. He has 2 seconds 
(when the stimulus is presented alone) in which to anticipate the 
response. These time intervals are arbitrary, of course, but are the 
ones which have become fairly standard. 
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The number of pairs in a paired-associate list has varied, but 
from 8 to 15 have commonly been employed. Before the first 
presentation of any list S cannot know what the correct responses 
are. So, he merely studies the pairs on the first trial and tries to 
associate each response with its stimulus. On the second trial he 
may remember some of the responses and will call out the re- 
sponses during the 2-second anticipation period. E records correct 
responses as well as incorrect ones. S goes through the list time 
after time until he has reached the criterion of performance which 
E has established. The words are presented in a different order on 
each trial so that S cannot learn which stimulus is coming into 
the aperture of the drum before it actually appears, and so that 
he will not learn the response words serially by ignoring the 
stimuli. 

In studying transfer we must have at least two tasks; in paired- 
associate learning these would be two lists of word pairs. While 
we shall orient our thinking around this technique and its impli- 
cations, we shall by no means restrict our illustrations to studies 
in which it has been used. 

Generalization and Transfer 

In Chapter VIII we saw that generalization could be used to 
explain a number of conflict phenomena. Whenever changes in 
performance are measured as a function of changes in similarity 
of conditions, generalization k a useful explanatory concept. 
Because of the several ways in which similarity may be varied, it 
will probably help unify and simplify our thinking if we assume 
that all these variations axe accompanied by changes in degree of 
generalization. 

Stimiilus generalization. When stimulus A gains power to 
elicit response B, other stimvdi similar to A may also be shown to 
have some tendency to elicit B. This is stimulus generalization. Let 
us call these similar stimuli Ai, As, and A3, in which Ai is most 
similar to A, As next most similar, and A3, least similar. The 
generalization gradient which we have preveiously discussed 
implies that Ai has the greatest probability of eliciting B, As the 
next greatest, and so on. 

Response generalization. When stimulus A gains power to 
elicit response B, it will also tend to elidt responses which are in. some 
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way similar to B. This is called response generalization. Responses 
which are similar to B may be called Bi, Bs, and B3, representing 
decreasing similarity with B. 

There is little systematic experimental evidence concerning 
response generalization (153). We can see that a gradient of 
response generalization could be derived empirically only after 
studying responses which had been made to a given training 
stimulus. For example, we would use stimulus A as the training 
stimulus for eliciting response B. Then we would present stimulus 
A aa a. test, keeping a record of all responses given to it. A great 
many Ss (or responses) wotald be required. Finally, we would 
scale the responses as to similarity with response B. If the frequency 
of responses Bi, Bs, and B3 were direqtly related to their similarity 
to B, we would have independent evidence (i.e., from the scaling) 
for a gradient of response generalization. Such an experiment has 
not been performed, so we can only suggest the probable existence 
of such a gradient. 

An illustration of response generalization is provided by a study 
on retention (393). Ss learned two lists of paired associates. Each 
member of the pair of each list was a two-syllable adjective. A 
pair in the first list may be noted A-B (response B to stimulus A) 
and the comparable pair in the second list may be noted as A-C 
(the same stimulus as used in the first list but a completely different 
response). Sometime after learning the two lists, S was asked 
to give the first of the two responses which occurred to him when 
the stimulus A was presented — a word association test. Under such 
conditions the B or C response occurred most frequently, but in an 
appreciable number of cases responses occurred which were similar 
to C or 5 . Thus, the response resting occurred whereas res^l was a 
B or C response; misp appeared in place of filmy; inane instead of 
mtiess; gaiety instead of festive. The most reasonable interpretation 
of these findings is that these responses occurred as a consequence 
of being similar to the learned response; thus, they demonstrate 
response generalization. 

Fully recognizing that we do not have systematic evidence of 
a gradient of response generalization which has been independently 
derived as in the case of gradients of stimulus generalization, let 
us assume that such a gradient of response generalization exists. 
Then we may see how these two generalization gradients will aid 
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US in understanding the results of experiments in which similarity 
has been varied. 

Stiiiuilus generalization and transfer. S learns two lists of 
paired associates in which the responses are identical. We shall 
symbolize these identical responses by B, The stimuli of the two 
lists are completely different, so we shall call them A and C. Our 
first list of items would be A-B, the second C-B. Now, in a series 
of experimental conditions, the stimuli of the second list are made 



Fio. 46. Gradient of stimulus generalization as it is assumed to exist following 
the learning of the first list, A-B, Ai to C represent stimuli of decreasing similariW 
to A, Tfie ordinate represents the strength of response tendency of these stimuli 
to elicit B in learning the second list. 

more and more similar to the stimuli in the first list. Thus, we 
might have four conditions in which A-B is always learned as the 
first list, then C-B as the second list in one condition, A3-B the 
second list in another, As-B in another, and Ai-B in the fourth. 
All stimuli in the second list would be changed in the same fashion. 
What would we predict concerning the transfer effect in learning 
the second list under the various conditions? To help us make 
this prediction let us visualize a gradient of stimulus generalization 
as in Fig. 46. Since A is the stimulus in the first list, our other 
stimuli must fall at differing distances from it along the similarity 
dimension. 

Note that in the verbal situation we deal with only one “wing” 
of the gradient. We have drawn this gradient so that it is concave 
in shape instead of a straight-line as in Chapter VIII. The data we 
will consider later suggest that this is the most probable shape 
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for verbal materials. The gradient implies that not only has A 
gained power to elicit B; but that Ai, A2, and A3 have also 
gained some response strength toward eliciting 5 as a result of 
stimulus generalization 'from A. Stimulus C, being outside the 
gradient, has gained no tendency to elicit 5 as a consequence of 
the learning of A-B. These are the situations as they exist at the 
end of learning the A-B list, before S starts to learn any one of the 
second lists. 

With the gradient of stimulus generalization well in mind, our 
prediction concerning the relative speed of learning the second 
list in the four conditions become obvious. When the second list 
is C-B, no positive transfer should occur as a consequence of 
stimulus generalization, although some positive transfer may 
occur as a consequence of other factors. In learning A3-B, some 
positive transfer should occur since A3 as a stimulus already 
has a small amoimt of associative connection with S as a con- 
sequence of learning the first or A-B list. When the second list 
is Aa-B, learning should take place at a stiU faster rate, and 
Ai-B should be learned most rapidly of all. In summary of our 
conriderations, we may state the general principle as follows: 
When old responses are learned to new stimuli, the more similar the stimuli 
the greater the positive transfer. We should never get negative transfer 
in such a situation, although with well-practiced 5s we might get 
very nearly zero transfer when we learn C-B following the learning 
of A-B. 

It is upon the above principle that our belief in positive transfer 
from the school situation to real life situations is based. The child 
who can count pictures of ducks will probably do fairly well in 
counting real ducks on the pond. 

Response generalization and transfer. To conceptualize 
response generalization as it relates to transfer in learning paired- 
associate lists, let us consider the situation in which the stimuli 
of the two lists are identical, and the responses vary from complete 
dissimilarity to high similarity. The first list will always be A-B, 
and for four conditions of similarity of the first and second list 
responses we have A-C, A-B3, A-Ba, and A-Bi from low to high 
amilarity respectively. 

Figure 47 shows the gradient of response generalization as it 
is assumed to exist after learning the first or A-B list. The figure 
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shows that the strongest response tendency to ^ is 5, while C 
has no associative strength to A. Now> what will we predict with 
regard to the transfer effect under the four conditions of simi- 
larity? 

When the second list is A-C, the tendency of stimulus A to 
elicit response B is very strong, but actually is an erroneous response 
tendency in learning the second list. Consequently, this situation should 
produce negative transfer, since the old response tendency (B to A) 



Fio. 47. Gradient of response generalization as it is assumed to exist following 
the learning of the first list, A-B. BttaC represent responses in the second list of 
decreasing similarity to B. The ordinate represents the stren^ of rewnse 
tendency of stimulus A to elicit these responses In the learning of the second list, 

will interfere with the learning of C to ^4. The data of many 
experiments strongly support this inference. In fact, we may 
say that this paradigm, learning a new response to an old stimulus, 
is the optimum condition for producing negative transfer. As we go from 
the first list, A-B, to the second list, A-Bg, the strongest tendency 
should still be that of calling out response B. As a, result of 
response generalization, however, Bg has some associative con- 
nection with stimulus A. Consequently, the negative ■ transfer 
should be less than when the second list is A-C. Similarly, as 
the response becomes still more similar to B, i.e., Ba and Bt 
the less should be the negative transfer in learning the second 
list. Indeed, other factors which produce positive transfer may 
be strong enough so that we will be unable to measure negative 
transfer when the second list responses are quite ^ilar to the 
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first list responses. Complete positive transfer will occur when the 
second list is A-B — the same as the first list. 

It is apparent that negative transfer is produced by interference 
of first list responses with attempts to learn second list responses. 
Therefore, if learning of the second list is to take place at all, 
the responses from the first list must be inhibited in some fashion. 
This inhibition is believed to take place by differeniitd reinforce- 
ment. We mean by this that during the learning of the second list 
the wrong responses from the first list are no longer rewarded 
(symbolically), while the new responses of the second list are 
rewarded if correct. The result should be that the second list 
responses become stronger than the interfering first list responses. 
Furthermore, although the data are fragmentary on the matter, 
it is possible that there may be an absolute weakening of the first 
list responses as a consequence of their non-reinforcement during 
the learning of the second list. For example, if an association in 
the first list has four units of strength at the end of learning, it 
may be weakened as a resplt of non-reinforcement during the 
learning of the second list so that its associative strength is reduced 
to two tmits. 

The fact that negative transfer is produced by the interference 
of old responses with learning of the new suggests that the old 
responses may show themselves during the learning of the second 
list. Several studies show that this is actually what happens, 
although the fi:equency of these erroneous responses is not great. 
Much of the interference seems to be implicit, i.e., S recognizes 
the wrong response tendency but cannot think of the correct 
response. When the errors are explicit, that is, when fitrst list 
responses actually appear during the learning of the second list, 
they are called intrusions. 

Other predictions. The two above situations represent what 
might be called basic tranter paradigms. There are, however, other 
ways in which similarity may be varied between components of 
the two paired-assodate tasks, and results of some of these varia- 
tions may be predicted by studying generalization gradients. 

Let us assume that in one condition Js learn A-B; A-C, As 
discussed above, we know that negative transfer would be ex- 
hibited in learning A-C. Now, on successive conditions we keep 
the responses (S and C) completely different and decrease the 
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similarity of the stimuli {Ai, As, As, and D). The more dissimilar 
the stimuli in the two lists become, the less and less will the A-B 
(first list) connections interfere with the learning of the second 
list. Consequently, when the stimuli of the two lists become com- 
pletely different so that S learns A-B, D-C, we would predict zero 
transfer effects as a result of our given dimension of similarity. 

What predictions would you make if one condition is A-B, 
C-B, and on successive conditions the stimuli remain dissimilar 
while the similarity of the responses is decreased? 

We have seen how generalization may be used to predict the 
outcome of transfer experiments where similarity is systematically 
varied. Now, let us turn to experimenttd studies in order to deter- 
mine ways in which similarity is defined and varied. 

DIMENSIONAL VARIATIONS IN SIMILARITY 
Variation in Formal Identity 

Formal identity in paired nonsense syllables. Nonsense 
syllables are combinations of three letters which do not make a 
meaningful word.- Usually, these syllables consist of two consonants 
and a vowel, with the vowel in the middle, although syllables 
consisting endiely of consonants have been used. Illustrations of 
nonsense syllables are: JOH; XAJf; VAW; KER; QJJC. Illus- 
trations of consonant syllables are PHM; FRKj SCM; JHX, In 
learning nonsense syllables S is sometimes instructed to spell the 
response rather than pronounce it since some syllables almost defy 
pronunciation. The words are customarily presented on a memory 
drum in the manner already described. 

To vary the degree of formal identity between the components 
of two nonsense syllable lists, E varies the number of identical 
letters. We may illustrate this with a study by Bruce (44). He 
used many conditions, but four of these will illustrate the method 
of varying similarity. 

First List Second List 

Stimuli Identical, Responses Different: DOW-NAZ DOWSIV 

Stimuli Identical, Responses Highly Similar: DOW-NAZ DOW— NAM 
Stimuli Different, Responses Identical: DOW-NAZ SIV —NAZ 

Stimuli Highly Similar, Responses Identical: DOW-NAZ DOR -NAZ 
You will note that in the highly similar stiuations two letters of 
the responses, or of the stimuli, are identical. There might also be 



EXPERIMENTAL PSYCHOLOGY 


294 

situations in which only one letter is repeated, thus forming an 
intermediate step between dissimilarity and two degrees of identity. 
It is not implied that variation of number of identical components 
produces a uniform change in amount of transfer. 

The transfer produced by Bruce’s conditions was very much 
like that which we would predict from our analysis of generaliza- 
tion gradients. The first situation, learning different responses to 
identical stimuli, produced clear-cut negative transfer. The second 
situation, learning highly similar responses to identical stimuli, 
resulted in negligible transfer. The third situation, in which 
responses were identical and stimuli different, gave slight positive 
transfer, and the fourth situation produced high positive transfer. 
We should again point out that dicre are other variables which 
influence the amount and direction of transfer. These other factors, 
which we are to consider later, do not appear to influence greatly 
the relative values for transfer as a function of similarity, but may 
change the absolute values considerably. 

Formal identity in serial learning. Paired-associate learning 
may be likened to the learning of a foreign language vocabulary, 
Each foreign word (the stimulus) is to be followed by its English 
translation (the response). Serial learning, on the other hand, 
may be likened to the learning of the alphabet, the number series, 
or successive bus stops. In serial learning the items appear always 
in the same series. A, B, C, D, and so forth. S, to learn the list, 
must learn to anticipate (call out) B when A comes into the aper- 
ture of the memory drum; he must learn to say C when B comes 
into the aperture, and so forth. The list is repeated until S reaches 
a chosen criterion of mastery. It is common in both paired-associate 
and serial learning to allow S a short rest (6 to 10 seconds) between 
each successive presentation of the list. 

The similarity between serial lists is much less readily analyzed 
than it is between paired-associate lists. Each item in a serial list 
is both a stimulus and a response (except the last item which is 
only a response, and the first item which is only a stimulus). In 
serial learning there is no distinct stimulus item in the first list 
which may be compared with a distinct stimulus item in the 
second list. The same is true concerning responses. 

In spite of this, we can show, in general, that serial lists can be 
varied in terms of amount of formal identity, and that this is 
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related to amount of transfer. An illustration is given in a study 
by Melton and von Lackum (257). Two basic conditions were 
employed, one in which the second list was highly similar to the 
first, and the other in which the second list was quite dissimilar to 
the first. High similarity was achieved by constructing the two 
lists with the same nine consonants. Each list was 10 syllables in 
length, making a total of 30 letters. This means that on the average 
each letter was repeated 3.33 times in each list. Dissimilarity of 
the two lists was produced by making the second list with nine 
completely different consonants. Illustrations of lists used in the 
two conditions are as follows: 


First List 

Second List: Highly 
Similar Condition 

Second List: Highly 
Dissimilar Condition 

XGM 

FTM 

JSN 

KTQ, 

HCR 

GBD 

HFX 

XQJ 

LNJ 

GKM 

KRM 

ZPB 

XRF 

GTF 

SDG 

QHG 

q;xk 

IJP 

KXT 

MHT 

ZGN 

MQJ 

RKF 

BSJ 

GTK 

GMQ, 

PZL 

RMH 

TXH 

NDB 


In the first list only the letters C, F, H, K, M, Q_, R, T, and X 
were used in making the 10 syllables; the same letters were used 
in constructing the highly similar list. We might expect that the 
associations formed during the learning of the first list would 
interfere with the formation of new associations in learning the 
second. The results show that this is probably what happened, 
since significant negative transfer was measured in the learning 
of the second list after the first list had been presented for 5 
trials. When the second list was highly dissimilar (having no 
letters in common with the first), no evidence of either positive 
or negative transfer was found. Thus, it appears that formal identity 
of letters between two lists is one way in which amount of transfer 
can be varied. Within limits we would presume that the greater 
the degree of formal identity, the greater would be the negative 
transfer. 

Another source of interference between serial lists should be 
mentioned. It has been noted that a word in the first list is most 
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likely to interfere with a word in the second list when both occur 
at the same serial position. Thus, if P 5 JV occurs at the fourth position 
in the first list it is more likely to interfere with the fourth syllable 
in the second list than with syllables in other serial positions, 
assuming similarity factors are constant. The fact that PBJ^ may 
sometimes be given at the fourth serial position while S is learning 
the second list is indicative of serial position identity as a source 
of interference. It is very difficult, however, to evaluate the extent 
of the influence of such interference. Results in the above study 
in which the learning of dissimilar lists showed neither positive nor 
negative transfer suggest that if serial position identity produces 
negative transfer, it is not great enough in amount to overcome 
factors making for positive transfer. 

Formal identity in motor interference. Some of us have 
gone through school without fully avoiding the hideous sin of 
splitting infinitives so that when it is mandatory to repair these 
consistently, considerable interference is evident. If we carry our 
cigarettes in one pocket for a cqpsiderable period of time and 
then shift them to another, many false moves will be made to the 
stimulus, “want a cigarette.” The interference which occurs in 
the case of the infinitives may be thought of as relatively non- 
motor when compared with the interference which occurs in 
reaching for cigarettes. At this point we wish to consider simple 
motor interference as a function of formal identity of movements. 

Card-sorting is a task commonly used to demonstrate motor 
interference in the laboratory. Sa learn first to sort a deck of 
ordinary playing cards into four boxes labeled respectively, 
hearts, diamonds, clubs, spades. Then E changes the position of 
the boxes and S again sorts the deck. S makes many false moves 
in the first few trials after the change in position of the suit boxes. 
He must learn, for example, that the heart box is now where 
the spade box used to be. We would suspect that the amount 
of negative transfer would be directly related to the number of 
changes in movement required to sort the deck. The expected 
variation in amount of transfer is demonstrated nicely in a study 
by Crafts (72). 

Crafts used Flinch cards, on which the numbers occur in bold 
type. Nine numbers were used, and each number appeared eight 
times in the deck of 72 cards. A system of nine boxes, each 4^/1 
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inches square, was constructed in tier fashion. Sfs task was to sort 
the cards as rapidly as possible into the appropriate boxes, each of 
which was numbered to indicate the cards to be placed in it. The 
response measure was the time required to sort the deck, one 
sorting constituting a trial. 

After brief preliminary practice, aU Sa were given 8 trials. 
Four groups of i6 iSs each were matched on the basis of scores 
made on the 8 trials (Design Method II). After the matching, 
every group was given two additional trials under the following 
conditions; 

Group I : Position of no numbers changed. 

Group II : Position of 3 numbers changed. 

Group III: Position of 6 numbers changed. 

Group IV : Position of all g numbers changed. 

Note that as we go from Group I through Group IV there is an 
increase in the number of new responses which S must make to 
the old stimuli (the cards). Group I, in which no numbers were 
changed, served as a control. 



Fio, 48. Transfer in card-sorting as a function of formal identity. See text for 
explanation of groups. Data from Crafts (7s). 

The results of Grafts’ experiment are shown in Fig. 48. The 
four groups were well matched, so that one curve shows the 
performance curve for the first 8 trials for all groups combined. 
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When there was no change (Group I) there is relatively little 
change in the performance curve. When the position of all numbers 
was changed, a great deal of negative transfer occurs. The per- 
formance of Groups II and III k intermediate between the two 
extremes. These results show that as the number of old habits to 
be broken or inhibited increases, the amount of negative transfer 
increases. 

Actually, the negative transfer spoken of in Grafts’ experiment 
is relative negative transfer. Only Group IV did poorer after the 
change of positions than they had done at the start of the experi- 
ment. All other groups show absolute positive transfer when 
compared with their performances at the start of the experiment. 
That is, aU groups except IV showed better performance after 
the change than they did on the first of the preliminary 8 trials. 

We have considered three illustrations by which formal identity 
of two tasks may be varied experimentally. We have seen that 
formal identity is manipulated by varying the number of dupli- 
cated units in the first and second tasks. This of necessity must 
take place by discrete steps. Subsequent methods of varying simi- 
larity will show variation along a contmuous dimension. 

Formal Similarity of Figoral Designs 

E may construct designs which vary in amount of formal simi- 
larity to a standard design. Usually these designs are relatively 
meaningless in that they do not immediately suggest a known 
form or object. Such forms have been used systematically to study 
transfer as a function of stimulus similarity in paired-associate 
learning. As our illustration of this method we will use the work 
of Gibson {107) and Hamilton (138). Both Es used exactly the 
same materials. 

Gibson drew la forms to be used as standard stimuli. Then a 
large group of additional forms were made up which resembled the 
standard forms in varying degrees. Preliminary to the main experi- 
ment a group of judges was asked to sort this large group of forms 
into I a piles, each pile being represented by a standard form. The 
judges were to put a form in a pile if it resembled the standard 
of that pile more than it resembled one of the other standards. 
Finally, the judges were instructed to rank order the forms within 
a given pile on the basis of degree of similarity to the standard. 
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The final set of materials consisted of the la standards, with three 
other forms of varying degrees of similarity to each standard. An 
illustration of one standard form and its three similar forms is 
shown in Fig. 49. 

(y (] (P 

standard First Desrea Second Degree Third Degree 

Similarity Similarity Similarity 

Fio. 49. Illuatiationa of designs of varying degrees of similarity with a standard. 

Adapted from Gibson (107). 

In Gibson’s experiment Ss had to associate a nonsense syllable 
with each of the 12 standard stimulus forms of the first list, and 
then learn to associate a different nonsense syllable when learning 
the second list. Thus, while the stimuli between the two lists 
varied as to similarity, the responses were always different (no 
similarity). In Hamilton’s experiment the stimulus items (forms) 
were the same as in Gibson’s, but both lists had the same responses. 
S thus learned to associate the same response with stimuli of varying 
degrees of similarity. 

In conducting the transfer experiments the 12 standard forms 
were used as stimuli in the first list, and in four other conditions 
the degree of similarity of the second task stimulus with the 
standard was varied. Four conditions resulted because both Gibson 
and Hamilton used one condition in which the standard forms 
were used as stimuli in both the first and second lists. 

Let us summarize the four conditions in each experiment: 

OIBSON HAMILTON 

First List Second List First list Second List 
Condition I A-B A-C A-B A-B 

Condition II A-B Ai-C A-B Ai-B 

Condition III A-B Aa-C A-B Aa-B 

Condition IV A-B A3-C A-B A3-B 

The first list, the list with the standard stimulus forms, was 
presented until S correctly anticipated 8 or more of the responses; 
then the second list was presented until S had attained the same 
criterion. A different group of Ss was used for each condition. 
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and within each experiment the groups were, matched for learning 
ability. 


TABLE 21 

Transfer as a Funqtion of Formal Similarity of Fioural Desiqns 


Condition 

1 Mem Mmber Trials to Leam 

OIBSON 

HAMILTON ' 

First List 

Second List 

First List 

Second List 

I 

6.86 

7.43 

6,73 

1,27 

II 

7.00 

5.43 

7.40 

2.08 

III 

7.07 

5.71 

7.40 

2.35 

IV 

7.14 

3.93 

7.44 

3.48 


Data from Gibson (107) and Hamilton (138). 


The results (Table at) are presented in terms of mean number 
of trials to reach the criterion. For comparative purposes, the 
mean number of trials to reach the criterion on the first list is 
also presented. 

From the results of Gibson's experiment it can be seen that the 
slowest learning of the second list took place when the stimuli 
were identical and the responses different {A-B, A-C), The fastest 
learning of the second list took place when the two stimuli were 
quite dissimilar {A-B, A 3 -C). No differences were produced by 
Conditions II and III. Nevertheless, the wide differences at the 
extremes (I and IV) leave no doubt that Gibson’s findings further 
confirm the basic principles we have discussed previously. When 
the responses for two tasks are different, the less the degree of 
stimulus generalization, the faster is the learning of the second 
task. 

Hamilton’s results show how similarity of stimuli markedly 
influence learning when the responses are identical in the two lists. 
On Condition I it will be noted that the stimuli of the two lists 
are identical, as are also the responses. Thus, the second list is 
merely a continuation of the first, and, on the average, slightly 
over one trial was required to reach the criterion already gained 
on the first list. The amoimt of positive transfer becomes less 
and less as the stimuli become less similar. The results of Gondi> 
tion IV of Hamilton’s experiment are very mudi the same as those 
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of Gibson’s for Condition IV. In line with our previous discussion, 
this would be expected. We have said that transfer due to generali- 
zation would be of small consequence when the stimuli are differ- 
ent and responses the same. This was the situation in Hamilton’s 
Condition IV, whereas in Gibson’s Condition IV neither the stimuli 
nor the responses were the same. Both conditions give about the 
same results. 

In Gibson’s experiment only Condition I gave evidence for 
negative transfer. This is shown by comparing the mean number 
of trials required to learn the first list (6.86) with the mean number 
for learning the second (7.43), a comparison which can be made 
if we assume that the two lists are equally difficult. All other 
conditions show positive transfer. Ss in this experiment were not 
well-practiced, and as we shall see later, poorly practiced 5 s have 
high positive transfer due to factors not associated witli specific 
list similarities. This high positive transfer has probably obscured 
the negative infiuence of specific list similarities. 

Similarity RelationsliipB of Meaningful Material 

The manipulation of similarity dimensions of the kind we have 
discussed above is relatively straightforward. When we attempt 
to manipulate meaningful material, however, we have a very 
difiicult task. It is difficult in the sense that E has trouble in explain- 
ing his obtained results as being due to a single stimulus dimension. 
Meaningful verbal material may vary along several different 
dimensions, and even if we know the dimensions, it is a problem to 
hold all constant except one. 

It is possible to isolate dimensions when words are taken singly, 
and this is a necessary first step in experimentation in this area. 
But, even after this is accomplished by one of the methods dis- 
cussed in the chapters on discriminal processes, further difficulties 
arise in putting the words together in a list. E must be sure that 
the different lists he has constructed do not vary along a new 
dimension as a result of putting the words together. Any char- 
acteristic of the lists (other than the one E wishes to manipulate) 
which causes the rate of learning to vary complicates the problem 
of discerning specific causal relationships. For example, when 
words are put together in the list, the similarity among the items 
within the list — the intra-list similarity — ^must be constant, for this 
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dimension markedly influences the rate of learning. We shall 
return to these problems in greater detail in a later chapter. At 
present it is enough for us to know where the source of the diffi- 
culties lies. These problems, while not absent when E manipulates 
similarity of the kinds we have previously discussed (e,g., formal 
similarity), are minimal in importance since they can be handled 
adequately. 

There are at least three kinds of similarity involved in meaningful 
verbal material. These are the similarity of (i) synonyms, i.e., 
words with similar meanings, such as horrid and ghastly; (a) homo- 
nyms, i.e., words with the same sounds but different meanings — a 
kind of formal similarity as exemplified by the words, bear and 
hare; (3) antonyms, i.e., words with opposite meanings, such as 
strong and weak. Although the scaling of words has been done 
only for synonymity, it is conceivable that homonymity and 
antonymity could be dimensionalized. 

Haagen (13a, 133) has scaled adjectives to derive several degrees 
of synonymity and has shown that the amount of transfer is related 
to this dimension in a fashion that approximates closely the 
theoretical analysis made earlier in the chapter. He has found 
that both stimulus and response generalization are important in 
determining the amount and extent of transfer. 

Gofer and Foley (6a) have analyzed possible generalization 
gradients for all three kinds of similarity. They show how it is 
possible for mediating items to produce generalization from a 
word to its synonym, and from the synonym to its homonym. 
That is, the word plant is similar to sow, but sow is also a homonym 
of so; sbw thus becomes the mediating item between plant and so. 
It is quite conceivable that very complex interactions of generaliza- 
tion gradients may take place in verbal material. The empirical 
studies of these writers (63, 98) have shown that transfer effects 
are related to antonymity, synonymity, and homonymity, but the 
material has not been dimensionalized. 

We should remember two points with regard to meaningful 
material and similarity: (i) transfer is related to Jhe three kinds 
of similarity, and we will assume the exact relationship to be the 
same as for formal similarity as previously discussed, and (s) experi- 
mentation in this area is diflicult because dimensions of the stimulus 
situation are hard to isolate. 
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A Sununary Graph 

From the varioxis data which are available, and from theoretical 
expectations based on generalization where data are not available, 
the relationships between amount and direction of transfer and 
similarity may be summarized as in Fig. 50. Figure 50 is based on 
paired-associate learning, but may be extended to other situations 



Fio. 50. Relative transfer effects as a function of variation in similarity, 

SI-RV : Stimuli identical, responses varied 
RISV: Responses identical, stimuE varied 
RDSV; Responses different, stimuli varied 
SD-RV; Stimuli different, responses varied 

when an analysis of similarity relationships between tasks is 
relatively clear-cut. The graph indicates four ways in which 
similarity may be varied. One may; 

I. Hold the stimuli identical in the two tasks and vary the 
degree of similarity of the responses {SI-RV). 

3. Hold the responses identical and vary the degree of similarity 
of the stimuli {Rl-SV). 

3^ Hold the responses completely different (dissimilar) and vary 
the similarity of the stimuli {RDSV). 

4, Hold the stimidi completely different and vary the similarity 
of the responses {SD-RV), 
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Let us take one illustration of how to read the graph. The curve 
labelled RISV indicates that in a series of conditions the responses 
of the two tasks are identical, but the similarity of the stimuli 
is varied from low (dissimilarity) to maximum similarity (identity). 
When the stimuli are dissimilar, no significant transfer effect 
occurs, but as the degree of similarity of the stimuli increases, 
positive transfer increases until at identity, loo per cent transfer 
takes place. 

The values along the ordinate are indeterminant for a general 
graph, since the curves are intended to show the transfer effects 
due to similarity only. However, other variables probably will not 
cause the relative relationships of the curves to change. Roughly, 
the graph is intended to depict the situation in which a moderate 
degree of first list learning is used, when 5s arc well-practiced, 
and when the similarity among the stimuli and among the responses 
within a list is relatively low. 

With high degrees of learning on the first task, or with poorly 
practiced Ss, very little negative transfer is likely to occur; hence, 
the dotted line indicating zero transfer would be moved to a point 
near the top of the graph. Reasons for these qualifications will 
become evident in later sections of the chapter. 

As the graph is drawn, all situations show relationships with 
similarity except the SD-RV paradigm. This is the case in which 
the stimuli are different and the responses are varied. On the basis 
of evidence available, and on the basis of generalization, we would 
expect that variations in the response will produce no appreciable 
change in transfer effect. The curve has been drawn to indicate 
slight positive transfer but it might well fall on the dotted line 
indicating zero transfer. As nearly as can be determined, holding 
the stimuli different and varying the similarity of the responses 
produces no change in transfer effects. 

NON-DIMENSIONAUZED VARIATION IN SIMILARITY 

In this section we shall touch on a variety of transfer phenomena 
which are a function of similarity between conditions or tasks. 
In these conditions or tasks, however, the similarity relation- 
ships cazmot be or have not been analyzed in the manner of 
the studies reported in the previom section." We shall give at 
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least one experimental illustration of each phenomenon so that 
it will be clearly defined in terms of procedures by which it is 
measured. 

Learning-Howto-Learn Transfer 

A very common observation is that when learning successive 
samples of the same kind of material, show marked improvement 
in dieir learning ability. Thus, if S serves in an experiment in 
which he learns list of nonsense syllables, one list a day, it is noted 
that his performance improves from day to day. Descriptively, 
this phenomenon is called leaming~how-to-learn (233), and is 
exactly the same phenomenon to which we have referred earlier 
as practice eflfects. In almost any kind of activity in which some 
adjustment to the situation is required, we will find a practice 
effect. 

The similarity involved in learning-how-lo-learn transfer is 
primarily in material which is of the same general nature or of 
the same class. The similarity between one task and another also 
involves the same learning techniques and the same general 
experimental setting. The influence of the similarity dimensions 
such as we have previously discussed is kept to a minimiun by 
making the tasks as dissimilar as possible while still being of the 
same class. 

Briefly, let us consider quantitative indications of the extent 
of learning-how-to-lcam transfer. Ward (399) required Sa to 
learn 16 successive lists of nonsense syllables, one list a day. Each 
list contained 12 syllables, and they were probably of roughly 
equal difficulty, although deviations in the practice curve may 
well be accounted for by some differences in difficulty. Values 
estimated from Ward’s graph show that on the average, the first 
list required about 38 presentations to leam to a criterion of one 
perfect recitation; the fifth list in the series required 24 trials; 
the tenth list 18 trials, and the sixteenth list, 16 trials. Clearly, the 
gain is very large from the first list to the sixteenth, with the biggest 
improvement made early in the series, so that the general curve 
is much like the usual inverse negatively accelerated learning 
cmve. 

Schieber (333) has investigated the practice eflects in learning 
successive lists of paired associates. Each list consisted of 10 pairs 
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of two-syllable adjectives. A different list was learned each day 
for four consecutive days, all Ss being naive in paired-associate 
learning and in laboratory experience of any kind. The lists were 
not known to be of equal difficulty so that by a method of 
counterbalancing each list appeared an equal number of limes on 
each of the four days. Schieber’s results indicate that the practice 
effect in paired-associate learning of adjectives is not large. Her 
results for 24 Sa are shown in Fig. 51 in terms of mean trials to 

learn to a criterion of 8 out of 
10 correct responses on each 
day. The only learning-how-to- 
learn transfer of any conse- 
quence occurs between the first 
and second days and the differ- 
ence here is barely significant 
statistically. Explanation of this 
lack of learning-how-to-leam 
may lie in Ss’ histories. It is pos- 
sible that students, having to 
master foreign language vocab- 
ularies, having to learn defini- 
tions, and having to make 
symbolic translations of many 
kinds in their usual school work are actually quite well practiced 
on paired-associate learning (as compared with serial learning) 
before coming to the laboratory. 

Maze learning shows a large practice effect. In an unpublished 
study by the writer 40 iSs learned two mazes in a single experi- 
mental session. Half the Ss learned Maze A first and the other 
half. Maze B first; hence, differences in speed of learning the 
second maze as compared with the first cannot be attributed to 
differences in the difficulty of the mazes. On the average, Ss 
took 20 trials to learn the first maze and only ii to learn the 
second. There was no specific similarity relationship between 
the two mazes to account for the great improvement from first 
to second maze, so we must attribute the improvement to leaming- 
how-to-leam transfer. 

Many other data in the literature show that learning how to 
learn is one of the major sources of positive transfer. Just what 



Fio. 51. Leamiug^how-to-Ieam 
laired-associate lists. Data from 
Ichieber (333)- 




TRANSFER OF TRAINING 


307 

processes are involved in learning how to learn is unknown. 
Several factors are believed to be important: (i) iS" gets adjusted 
to the situation; this implies that he is less distracted by irrelevant 
stimuli; (2) unfruitful modes of attack on the problem may drop 
out when they prove unsuccessful; {3) correct associations in 
and of themselves may be formed more rapidly. These factors 
describe what is believed to take place, but of course they are 
not acceptable explanations as yet. The fact that the experimental 
situation remains constant from day to day, with only the specific 
material changing, suggests that the practice effects represent a 
gross differential reinforcement process wherein irrelevant responses 
to the situation are inhibited, and relevant responses brought to 
the fore. 

ImplicationB of learning-how-to-learit transfer. The im- 
portance of these practice effects is twofold: (i) They represent one 
of the major causes of positive transfer. This fact is reason enough 
for persistent caution against comparing amount of transfer in 
one situation with that in another when the practice effects for 
the two situations are not equal. Because of these practice effects 
we have indicated that Fig. 50 will probably not hold unless the 
Ss are well-practiced. Practice effects will counteract conditions 
making for negative transfer and may well obscure any sign 
of it. 

(2) The second important consideration regarding practice 
effects concerns experimental design. We have considered this 
problem only in regard to tui individual’s practice effect and have 
seen how such practice effect may be distributed equally over 
all conditions when the effect is not itself being studied. Of greater 
importance and of greater complexity are the problems involved 
when we counterbalance the practice effect for a group of Ss 
taken as a whole. These will be taken up in detail in the following 
chapter. 

Bi-Latersd Transfer 

This form of transfer is usually positive. Typically, it has 
referred only to cases in which a motor skill developed through 
the use of one arm or leg is transferred to the arm or leg on the 
opposite side of the body. The transfer, however, need not be 
lateral; if a skill is developed by the left arm or hand, there will 
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also be positive transfer in acquiring the same skill with the left 
leg or foot. 

A moment’s reflection will demonstrate that bi-lateral transfer 
has been evident in your own experiences. The fact that you can 
write with your non-preferred hand, even though barely legibly, 
indicates that the long training with the other hand has had its 
effect. 

One of the traditional laboratoi7 tasks used in studying bi-lateral 
transfer is mirror star-tracing. A printed star is placed on a table 
before an upright mirror. A shield is attached to a rod several 
inches above the star in such a position that when S faces the 
mirror, he cannot see the star directly, but only in the mirror. 
S’s task is to trace around the outline of the star by directing his 
pencil movements from the mirror image of star, hand, and pencil. 
The shield is high enough to allow complete freedom of hand 
movement. 

The outline of the star is customarily drawn with double lines, 
like a narrow pathway. In tracing the outline S must stay in 
the pathway. A complete dreuit of the star constitutes one trial 
and the basic response measure is time taken to complete the 
circuit. Errors — ^number of times S leaves the pathway — ^may also 
be tabulated. On the first trial or two, old or normal movement 
habits produce considerable interference with movements required 
to follow the reversal of directions created by the mirror image. 
Bi-lateral transfer is demonstrated when it is shown that practice 
at mirror tracing with one hand transfers to performance with the 
other hand. 

An expeximental illustration. The results of an experiment 
performed in the writer’s laboratory course may be used to 
illustrate the method and results of a simple bi-lateral transfer 
investigation. The students, after reading about bi-lateral transfer, 
were in considerable disagreement as to "what caused it.” Some 
fdt that it was due entirely to the learning of a general prin- 
ciple, the principle of mirror reversal, and that if one learned 
this, transfer would be complete from one hand to the other. 
Other students believed a certain amount of skill was required 
which would be specific to a given hand and that this would 
not transfer to the other. Accepting the fact that bi-lateral trans- 
fer occurs, no student suggested the hypothesis that acquisition 
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of a habit by one hand would not transfer at all to the other. 
However, this third possibility could be set up as an hypothesis 
along with the other two, so three hypotheses were stated : 

1. In learning mirror star-tracing one learns only the general 
principle of mirror reversal. Hence, transfer from one hand to the 
other should be roo per cent. 

2. In learning mirror star-tracing one learns not only a general 
principle but also skills specific to the muscle groups of a single 
hand. Bi-lateral transfer will thus take place but it will not be 
100 per cent. 

3. In learning mirror star-tracing one learns a skill specific to 
the muscle groups of a given hand. No bi-lateral transfer will take 
place. 

An experiment was designed to test these hypotheses. Three 
groups were required, one control and two experimental. All iSs 
were given a preliminary practice trial, and the second trial was 
used as a source of data for matching three groups of 14 5 s each. 
The matching was done on the basis of means and variability. One 
group was used for each of the following conditions; 

Trial 2 

{Matching Trial) Trials 3 to 12 Trials 13 to 15 
Group I Preferred Hand No Practice Preferred 

Group II Preferred Hand Non-Preferred Hand Preferred 

Group III Preferred Hand Preferred Hand Preferred 

The critical point is the post test, trials 13 to 15. If hypothesis 1 

is substantiated, the difference in performance on the post test 
should be no different for groups II and III and both would give 
higher scores than I. If hypothesis 2 is substantiated, performance 
of Group III should be better than that of Group II, and Group II 
better than Group I. If hypothesis 3 is substantiated. Group II 
should do no better than Group I on the post test trials and Group 
III should do much better than either I or II; hence, no bi-lateral 
transfer. 

Figure 52 shows that hypothesis 2 is substantiated. As a result 
of trials 3 to 12 on the non-preferred hand. Group II learned 
something which aided performance on the test trials; otherwise, 
they would have done no better than Group I on test trials. This 
is evidence for bi-lateral transfer. Clearly, however. Group III 
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learned something which Group II did not, thus suggesting that 
certain skills specific to the hand are acquired in addition to the 
general principle of mirror reversal. 

Extensive analyses of the mirror tracing situation (33, 65) have 
shown that transfer will take place from hands to feet, from feet 
to hands, on the opposite or on the same side of the body. Examina- 



Fio. 53. Transfer in mirror star-tracing. Trial 1 was a practice trial: trial 
3 was used as a source of data for matching the three groups of 14 Ss each. 
Tracing was with the preferred hand on trial 3. 


tion of the situation in which such transfer is measured shows that 
both the stimulus situations and the responses required have high 
similarity so that positive transfer would be expected. Aside from 
such gross comparisons, however, the similarity relationships 
remain unanalyzed. 

Related phenomena. A form of bi-latersil transfer appears to 
occur in certain conditioning situations. In one experiment (no) 
5 was conditioned to withdraw his right hand at the sound of a 
buzzer. This was accomplished by giving several trials in which 
the buzzer was followed by shock to the hand. After the response 
was established, E placed S’a Igji hand on the electrodes and 
sounded the buzzer. On this transfer test 6s per cent of the iSb 
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withdrew their left hands although the left hand had never been 
shocked nor had it ever been placed in position on the electrodes 
before. 

Another related form of transfer has been demonstrated by 
Wickens (407), S& were conditioned to withdraw a finger to the 
sound of a buzzer. During training the hand was strapped to a 
board, palm down, with only the finger free. The response was 
thus an extensor response. On test trials the hand was turned over 
so that the palm was up. The buzzer was presented on the test 
tr ials and transfer was 100 per cent; all 5 s responded with a 
flexion response of the finger, although again, this response had never 
been made during training. 

In both of these instances, the fact_ that transfer takes place 
indicates that the response learned to the stimulus is more than 
an association between a buzzer and a discrete muscle group. 
What appears to be more nearly the case is that an association 
is formed between a stimulus and withdrawing, and such a response 
can be readily transferred. The likely mechanism involved is 
response generalization. 

Negative Transfer in Animal Learning 

The A-B, A-C paradigm in verbal learning usually results in 
negative transfer. Two illustrations of its use in animal learning 
wiQ demonstrate that the negative effect is not as great as it is in 
human learning. 

Foreleg flexion. An experiment by Kellogg and Walker (192) 
shows that when the A-B, A-C procedure is used with dogs the 
over-all transfer effects are positive, but the behavior of the an i mals 
also indicates the operation of negative processes. 

Dogs were first trained to flex the right forepaw at the soimd 
of a buzzer, thus avoiding a shock. After the response was well- 
established, the shock was transferred to the left forepaw, but 
the buzzer was retained as the stimulus. Then the dogs had to 
learn to lift the left paw to thp sound of the buzzer. The criterion 
of learning was 19 avoidance responses out of 20 buzzer presenta- 
tions, During learning of right foot flexion, the mean number of 
trials for 6 5 s to reach the criterion was 154. When the shock 
was transferred to the left foot, an average of only 71 trials was 
required to reach the criterion. These figures indicate high posi- 
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tive transfer if we assume that, had the left foot been conditioned 
originally, about tlie same number of trials would have been 
taken to reach the criterion as were needed in conditioning right 
foot flexion. 

From the description given of the animal’s behavior there is 
considerable evidence of negative transfer during the early stages 
of acquiring left foot flexion. In many cases the dogs wotdd lift 
first the right foot and then the left. Throughout the entire course 
of left foot-conditioning some of the animals lifted both legs 
simultaneously, a feat they were able to accomplish by supporting 
their body weight on a neck-stock. Thus, while the net effects 
of the training procedures indicate positive transfer, evidence 
of negative processes was apparent in the persisting right fool 
flexion. 

T-maxe learning. Several studies have shown that interference 
is present when rats are first trained to take one arm of the T 
then given training to break the habit and take the other arm 
For example, Bunch (48) used a water maze shaped like a T 
Rats will avoid water when possible,’ so the motivation was thai 
of escaping water. By providing a platform at tlie end of th( 
right arm onto which the rats could crawl, E initially taugh 
the animals to make a right turn after swimming through th« 
maze. The platform opened into a small box in which warm aii 
was circulating. Such an escape was not possible at the end of flu 
left arm of the maze. Successive trials were given until the ra 
had made 10 consecutive errorless “swims.” In breaking the righ 
turning habit and substituting the left turning habit, E movec 
the platform to the end of the left arm, thus making escape iron 
the water impossible if the rat continued his right turning habit 
Successive trials were given imtil the criterion of 10 successiv 
errorless trials was made. A control group learned only the lei 
turning habit. 

The transfer effects of learning the right turning habit wer 
shown by comparing the performance of the experimental am 
control group in learning the left turning habit. The contre 
group required a mean of aa.17 trials to learn the left tumin 
habit; the experimental group required 24.80. In terms of erroj 
(taking the “wrong” arm) the negative transfer effect is show 
by the fact that the control group averaged 5.30 errors, wherej 
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the experimental groups averaged 7.87 errors. Negative transfer 
in learning the second habit as a consequence of prior learning of 
an antagonistic habit is clearly present. 

Transfer in an Industrial Task 

To allay any misconception that all transfer experiments have 
been done with nonsense syllables, buzzers, mirrors, and flexion 
responses, we should have one illustration of transfer in a some- 
what more utilitarian setting. 

Woodward (421) was able to find two industrial assembly tasks 
for which the movements were almost identical, although the 
materials being assembled were somewhat different. In terms of 
our analysis, the situation is comparable to an A-B, A3-B paradigm, 
in which the responses are almost identical and the stimulus 
situation only slightly similar. 

Sz were girls, varying in age firom 14 to 18 years, and all were 
attending vocational high school. A control group consisted of 
48 5 s, an experimental group of 42. The design of the experiment 
is as follows : 

Pre-Test on Training on Post Test on 
Assembly i Assembly g Assembly i 

Control: 6 assemblies 13 assemblies 

Experimental: 6 assemblies 57 assemblies 13 assemblies 

The two groups differed only in that the experimental group 
was given 57 practice trials in constructing Assembly 2. The two 
groups were shown to be well matched on the pre-test trials so 
that differences which occurred on the post test were a function 
of the 57 training trials on Assembly 2. The transfer was positive. 
The two groups did not differ on the initial post-test trials, but 
by the end of the twelfth post-test trial the experimental group 
was performing significantly better than the control group. 

Summary 

In this section we have considered a group of transfer phe- 
nomena in which certain similarity relationships are present and 
are presumed to account for the obtained transfer. However, 
these studies have shown only that transfer occurs^ they have not 
been concerned with variations in similarity dimensions. 
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SECONDARY VARIABLES INFLUENCING AMOUNT 
OF TRANSFER 

We now turn to three variables which may cause the amount 
of transfer to vary. These are secondary in the sense that a certain 
degree of similarity must be present or these variables will have 
litde influence. Given this unknown minimum amount' of simi- 
larity, however, the influence of these secondary variables may be 
studied. 

The three variables are: (i) degree of first task learning; 
(2) number of previous tasks; and (3) time between tasks. 

Degree of First Task Learning 

The fihdings concerning this variable are quite consistent: the 
greater the degree of first list learning the greater the probability 
of obtaining positive transfer and the less the probability of ob- 
taining negative transfer. Such a statement will include the rela- 
tionship for all ways of varying similarity which we have 
considered. 

Experimental illustration. In one study, 5 's learned lists of 
paired associate two-syllable adjectives (394). Each list consisted 
of 10 pairs, and the similarity relationship between the two lists 
was A-B, A-C, Four conditions in the experiment were different 
only in terms of the degree of learning attained on the first task 
before going to the second. The degree of learning of the first 
list was controlled by setting different levels of mastery to be 
attained on each condition. The fijur conditions were as follows: 



Criterion (ff Learning : 

Average 
Nvmber 
of Trials 

Criterion of Learning : 

ConMtion 

First list 

Required 

Second List 

I (control) 



6 out of 10 correct 

II 

3 out of 10 correct 

4 

6 out of 10 correct 

III 

8 out of 10 correct 

n 

6 out of 10 correct 

IV 

10 out of 10 correct 
plus 5 trials 

20 

6 out of 10 correct 


The influence of these different degrees of learning was measured 
in terms of rate of learning the second list to a criterion of 6 out 
of 10 responses correct. Analyses of the results were made in terms 
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of correct responses on the initial learning trials of the second 
list, as well as in terms of number of trials required to reach the 
criterion. Such an analysis is necessary if differences in character 
of transfer as a function of stage of learning the second list are 
to be discovered. 

The performance on the initiai stages of learning the second 
list is shown in Fig. 53. The points arc the mean correct responses 
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Number of Ttialt on First List 

Fio. 53. Transfer as a function of degree of learning of first task. The curves 
show the mean correct anticipations on the first two anticipation trials (Trials 
2 and 3} of the second list. Values below the dotted line for each trial represent 
negative transfer, those above positive transfer (394). 

of 48 Ss for each degree of first list learning on the first two 
anticipation trials. The first two anticipation trials are actually 
trials a and 3, since the first trial is always a study trial, in which S 
observes the list and tries to form associations. The first attempted 
anticipations of the correct responses take place on the second 
trial. 

Figure 53 shows clearly that with a low degree of first list learn- 
ing, negative ti'ansfer is produced on the first two trials. The Ss in 
this experiment were well-practiced in learning paired associates 
so that very little learning-how-to-learn transfer is present to 
obscure negative effects in learning A-C following learning of 
A-B. With high degrees of learning of the first list no negative 
transfer is evident on the second trial, and by the third trial 
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positive transfer has occurred — a change in one trial from zero 
transfer to positive transfer. 

The relative relationships of the transfer conditions hold fairly 
well in terms of trials to reach the criterion on the second list. 
In terras of mean trials the values are 6.71, 6.91, 5.57, and 4.98 for 
Conditions I through IV respectively. Note, however, that from 
these means we have no evidence of negative transfer. The differ- 
ence between Conditions I and II suggests the operation of nega- 
tive transfer but it is far from statistically significant. -Had the 
learning of the second list been to a criterion of one perfect trial, 
all experimental conditions probably would have shown positive 
transfer. These data emphasize that in studying transfer, all stages 
of second list learning must be analyzed if the true picture of 
transfer effects is to be obtained. 

The relationship analyzed. The general principle we have 
stated is that the higher the degree of first task learning the greater 
is the probability of obtaining positive transfer and the less is the 
probability of obtaining negative transfer. Such a relationship is 
difficult for some students to understand. They believe that under 
high degrees of first task learning tlie response tendencies become 
so strong that they will persistently interfere with the learning 
of the second task. Yet, if we recall our study of conflict we will 
remember that greatest conflict occurs when response tendencies 
are of about equal strength. With low degrees of ffist task learning 
we would thus expect the greatest interference to occur early 
in the learning of the second task when the response tendencies 
of this list also are weak. This is exactly what the data show. 

On the other hand, with high degrees of learning of the first 
task we would predict the interference to be maximal fairly late 
in the learning of this second task, i.e., when those response 
tendencies become nearly equal in strength to those of the first 
list. Fragmentary evidence tends to support this prediction, 
although it is very difficult to focalize the interference at one 
specific point late in second list learning. 

In addition to factors making for specific interference between 
items, we have three factors which seem to be important in 
determining transfer as a function of degree of first task learning. 

I, Leaming-how-io-learn transfer. We know that the greater 
the number of trials on the first task, the greater is the amount 
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of learning-how-to-leam transfer. This process was probably not 
important in the study reported above since Ss were already well 
practiced. 

2. Transfer of differentiation. From Gibson’s (io6) careful analysis 
there is reason to believe that a transfer of differentiation taJses 
place in certain situations. Let us explain what we mean by 
differentiation and its transfer. In learning the first list, A-B, the 
stimulus items may have some similarity among themselves. This 
would tend to produce generalization which would inhibit learn- 
ing. By differential reinforcement the generalizing tendencies are 
reduced among these stimuli as learning progresses. Now, if the 
second list is A-C, the learning process will not require this differ- 
entiation process since it has already taken place among the same 
stimuli during learning of the first list. Furthermore, we would 
expect that the greater the number of first list trials the better 
would be the differentiation; hence, the greater would be the 
positive transfer in learning the second list. 

There is some independent evidence that such positive transfer 
is plausible (117, 390). This transfer could be expected only if 
the stimuli were identical or highly similar. It is possible that a 
similar transfer may take place as a result of response differentia- 
tion. If so, it would tend to produce positive transfer in learning 
A-B, C-B. The evidence for transfer of differentiation is such 
that we should accept it only tentatively as a cause of positive 
transfer. 

3, Gross differentiation. Finally, there is a possibility that differ- 
entiation may take place at a gross level. S, after having learned 
the first list to a high degree, may be able to discriminate clearly 
that these responses are "wrong” when he starts to learn the 
second list. Descriptively, it is as if 5 is able to dissociate these 
first list responses more rapidly and go about learning the correct 
responses — ^the second list responses. Such a process would not 
m^e for positive transfer; it would tend only to reduce the amount 
of negative transfer and would be greedy related to die degree of 
first list learning. 

Number of Previous Tasks 

In all our illustrations thus ftir we have considered the influence 
of one task only on the learning of a second task. Now we inquire 
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into the relationships of direction and amount of transfer as a 
function of two or more tasks. 

Experimental illustratiott. In one experiment (390) i's were 
presented o, a, 4, or 6 lists followed by another list which was 
presented until iSs correctly anticipated 6 or more responses out 
of the possible 10. Each variation in the number of lists caDed 
for a separate experimental condition. All were paired-associate 
lists of adjectives, and for a given condition, all lists had the same 
stimuli but different responses. Thus, in the condition in which 
6 lists were learned before the final common list, S might have 
actually attached seven responses to the same stimulus. 

The lists were presented for four trials each, with S instructed 
to get as many correct responses as possible on each trial. An 
interval of 45 seconds intervened between each list. Two sets of 
data may be obtained from this experiment: (i) the transfer 
effects in going from the first through the sixth list (these lists 
appeared equally often at each position, so differences in the 
difficulty of the lists would be equalized for each stage) ; (a) the 
effect of learning o, a, 4, and 6 lists, for 4 trials each, on the learning 
of the final common list to a criterion of 6 out of 10 correct 
responses. We will consider these results in order. 

In calculating the results of the performance on the six lists, we 
may actually consider the influence of each list on the successive 
lists by presenting them (in order) along the base line of a graph 
and by placing the mean correct responses obtained on each of ffie 
three anticipation trials along the ordinate. These results are shown 
in Fig. 54. 

Figure 54 shows that negative transfer was produced in the 
learning of all lists except, of course, the first. It is further evident 
that as learning proceeds from trial two through trial four, the 
greater the number of previous lists the more rapid is the dissipa- 
tion of the negative transfer. That is, by the fourth trial the 
performance on lists 4, 5, and 6 indicate positive transfer whereas 
this is not true with lists 3 and 3. 

Figure 54 indicates that by the fourth trial positive transfer 
effects are evident if three or more lists have been previously 
learned. This tendency is very clear-cut when we consider the 
mean ntnnber of trials to learn the seventh list to a criterion of 6 
out of 10 correct responses. With no previous lists (control), the 
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common list was learned to the criterion in an average of 6.49 
trials; with a previous lists, 6.08 trials were required; with 4 
previous lists, 5.67 trials, and with 6 previous lists, only 5.38. Had 
the learning of the common list been carried to a higher level of 



Fio. 54. Transfer in learning six successive lists of paired-assodatesj^where 
each list had the same stimuli but different responses. The dotted lines indicate 
aero transfer effects and all points below these lines are indicative ot negative 
transfer. Each list was presented for four trials. jV is 72 for the first two lists; 
48 for lists 3 and 4, and 24 for lists 5 and 6 (390). 


mastery it is very likely that differences among the conditions 
would have been still greater. On the basis of the data available, 
we are able to state the general principle that as the number of 
prior or previous lists increases, the greater is the amount of 
positive transfer which eventually occurs. 

Time Between Tasks 

This variable concerns the relationship between amount and 
character of transfer and the time intervening between the two 
tasks. In considering this variable we must evaluate two separate 
aspects of transfer. First, we have transfer of the leaming-how-to- 
learn type. This phenomenon is largely dependent only on the 
learning of successive samples of the same class of materials. 
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Secondly, we must evaluate the effects of the time interval between 
first and second tasks in situations where the direction and extent 
of transfer is due to specific similarity dimensions. 

Time and learning-how-to-learn. Facts concerning leaming- 
how-to-leam transfer and the interval between tasks are quite 
consistent for human Ss. Several experiments by Bunch and his 
students have shown that practice effects are independent of the 
time between tasks, i.e., the practice effects remain constant 
irrespective of interval length. Briefly, let us illustrate this con- 
clusion. 

In two separate experiments (50) different groups of Ss learned 
paired nonsense syllables and then learned a second list of un- 
related syllables after intervals up to a8 days. A control group 
learned only the second list. Compared with the control group, 
the experimental groups learned the second list in about 40 per 
cent fewer trials. This was true of the group that learned the 
second list immediately after the first and of the group that learned 
the second list 28 days after the first. 

Bimch’s work with rats (c.g., 49), has suggested that as the time 
interval between mastery of the two mazes increases, the amount 
of positive transfer first increases and then slowly decreases, but it 
is still as great after lao days as after i day. 

How do we account for the fact that there is no loss in learning- 
how-to-leam transfer with the passage of time? This is a difiicult 
question. We have already indicated that the processes which 
produce practice effects arc obscure; we describe it simply by 
saying S learns how to learn. Bunch’s results show that- unlike 
the content which S learns, the techniques by which he learns 
the content are not forgotten. We believe that most forgetting is 
caused by interference from other activities. If we assume that 
leaming-how-to-learn represents a normal learning process, we 
must conclude tentatively that techniques of learning a given task 
are not susceptible to associative interference from other tech- 
niques or activities. 

Similarity and the time interval. There are no data from 
adequately designed experiments which give us information on 
this relationship. That is, given a situation in human learning 
which produces negative transfer when the second task comes im- 
mediatdy after the first, we do not know how the transfer changes 
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as a function of the time intei'val between the two tasks. Further- 
more, die situation is too complex to attempt a prediction. 

SUMMARY 

1. Transfer of training defines the area of study in which E 
determines the influence of one activity ou subsequent performance 
of another task. 

a. If the influence of one acliwty is that of facilitating performance 
on another, the transfer effect is called positive. 

b. If the influence of one activity inhibits or retards performance on 
another, the effect is called negative. 

2. We have continually emphasized that processes producing 
positive transfer and those producing negative transfer interact 
and that our measurement at a single point in performance on 
the second task represents the net effect of the two processes. 
Analytical experiments will examine transfer effects at various 
stages of learning the second task. 

3. Similarity is the one major variable determining transfer 
effects. We have used the paired-associate learning technique as 
an analytical tool for predicting the influence of different simi- 
larity relationships between the two tasks. It was our hypothesis 
that similarity determines transfer because of its effect on general- 
ization. It is through the study of similarity that we arc able to 
discern why an organism makes the responses it does when placed 
in a problem situation. 

4. Dimensions of similarity which have been shown to influence 
transfer were illustrated. These dimensions are: 

a. Formal identity 

b. Formal similarity of flgural designs 

e. Meaningful similarity 

A graph for predicting transfer effects in paired-associate type 
learning summarizes this section. 

5. Transfer effects based on similarity which has not been 
dimensionalized were illustrated. These include: 

a. Learning-how-to-learn transfer 

b. Bilateral transfer and related phenomena 

c. Negative transfer in animal learning 

d. Transfer in an industrial situation 
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6. Secondary variables influencing amount of transfer are; 

a. Degree of first task learning 
h. Number of previous tasks 
c. Time between tasks 

7. Methodological implicatiom of transfer of training will be 
included in the next chapter on experimental design. 



CHAPTER X 


Design Methods III and IV 


INTRODUCTION 

In the previous chapter we did not discuss the problems of 
experimental design associated with the study of transfer of train- 
ing. Because of the special importance of these design problems it 
was felt that a single chapter should be devoted to them. As com- 
pared with Design Methods I and II, Methods III and IV are 
considerably more intricate. Much of the experimentation to be 
reported in later chapters has been done by Design Methods III 
and IV so it will be well to get a good understanding of them at 
this point in order that the subject matter sequence will not have 
to be disrupted too greatly. 

In discussing Design Methods I and II in Chapter V, we in- 
dicated that both methods involve the use of a different group of 
Ss for each condition of the experinaent. Design Methods III and 
IV use a single group of Ss for all conditions; each S in the group serves 
in all conditions. 

DESIGN METHOD IH. COUNTERBALANCING OF 
CONDITIONS 

In the previous chapter we have seen that when S learns suc- 
cessive samples of the same class of material, there is a practice 
effect — S learns how to learn. In Design Method III, S serves in 
all conditions. This means that if we have a two-condition experi- 
ment, the second condition will be influenced by a practice 
effect, whereas the first will not. Since a good estimate of the 
relative influence of two stimulus conditions cannot be obtained 
when one is influenced by practice effect and the other is not, 

323 
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we need some way to equalize the practice effects for both con- 
ditions. This may be handled by the counterbalancing of condi- 
tions. 

Equalizing of practice effects by counterbalancing. In 

Chapter II we pointed out how practice effects could be equalized 
for a given S in all conditions by the use of the abba order of con- 
ditions. Now suppose we arc doing an experiment in which S 
learns a list of words on each of two conditions, A and B, We 
might suggest that to balance practice effects we could present the 
conditions in the ABBA order; that is, we could use four lists and 
require each S to serve in each condition twice. 

If the curve of leaming-how-to-learn were linear, i.e., if each 
successive list resulted in an equal practice effect, ABBA would 
be satisfactory. However, the curve is not linear. When we use 
the abba order in psychophysical experiments, the curve need not 
be linear for we can break the blocks of trials into many abba 
orders so that non-linearity of the curve will not appreciably 
influence one condition more than the other. In the case of lists of 
words, however, we could not shift from one list to the other 
after each trial; instead we would have to finish each condition 
by learning the entire list. If the practice curve is like Fig. 51, 
Chapter IX, and we applied ABBA, the As and Bs would certainly 
not be equal with respect to practice effects; A would be influenced 
more by practice than would B. 

One way of handling this problem is to put half the Ss through 
the ABBA order and the other half through the BAAB order. 
If the two groups produced about the same practice curve, the 
As and 5 s would be equally influenced by practice effects. It is 
possible, of course, that the two sub-groups might not show the 
same practice curve, though such a happening is not too likely, 
and the error resulting from it would not be great. 

Another method of handling the problem is to practice the Ss 
well before starting the experimental conditions. Once the practice 
curve becomes nearly horizontal, it is almost linear and we can 
safely use the ABBA order. 

In experimental work neither of the above methods has been 
used frequently. Instead, a method which balances practice effects 
among Ss rather than for each S has been employed. It is this 
method which we are calling Design Method III. 
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With the use of Design Method III, and two conditions, half 
the Ss take condition A followed by B, and half take B followed 
by A, In such a procedure each condition occurs equally often at 
each stage of practice; hence the influence of the practice effects 
will be the same for both conditions. 

In counterbalancing among Ss, each condition not only occurs 
equally often at each stage of practice, but also, precedes and 
follows all other conditions an equal number of times. If we have 
two conditions, A and B, there are only two possible ways in 
which the two can be arranged in order: A to B, and B to A, Thus, 
in counterbalancing an experiment with these two conditions our 
plan would appear as follows: 

itt Session and Session 

Subject No. I A B 

Subject No. a B A 

Since we would not normally use just a iSs in an experiment, we 
would continue this plan for successive Ss, so that one half of our 
group would take the Ato B order, and the other half the 5 to ^4 
order. We would assume that the responses at the second session 
would be more greatly influenced by practice effect than would 
the responses at the first session. However, since both conditions 
would have occurred equally often on the second session, no 
differential bias in the responses for the two conditions would be 
present. Note that counterbalancing does not eliminate practice 
effects; counterbalancing only distributes these practice effects 
equally over all conditions when the effects are considered for 
all Ss combined. 

The above procedure rests on one assumption; namely, that the 
practice effects for both groups are roughly the same. Probably the 
safest procedure is to give at least two practice days to check on 
the differences in magnitude of the practice effects between the 
two groups before giving the experimental conditions. If we give 
several days’ practice before the experimental conditions so that 
the practice curve for both groups is fairly level, the two groups 
might be quite different in ability, and still the procedure would 
be sound. The reason for this will appear shortly. Actually, when 
we use several conditions, so many different orders are used that it 
would be relatively meaningless to speak of different practice 
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curves; henccj a bias as a result of different curves is extremely 
unlikely. Since practice days are usually given before the experi- 
mental sessions, we shall probably produce an experiment in which 
the practice effects which are present are equally distributed over 
all conditions. 

In the statistical handling of the data, the performance of a 
given S on one condition is compared directly with his performance 
on the other. The precision of the method is gained from the 
fairly sound assumption that the best match for a given S is that 
S himself. We shall point out later, however, that there are certain 
situations in which it is not advisable to use the method. One 
of these must be mentioned at this point. If E has reason to believe 
that the effect of going from ^4 to jB is quite different from the 
effect of going from B to A, the method should not be used since 
it would give a distorted picture of the influence of the experimental 
conditions as such. 

A three-condition experiment. Now, let us assume we are 
going to run an experiment in which there are three experimental 
conditions, A, B, and C. To follow the rules of counterbalancing, 
we must see that each condition occurs equally often at each stage 
of practice, and that it precedes and follows all other conditions 
an equal number of times. For three conditions, the number of 


possible orders of conditions is six: 

Session z 

Session s 

Session 3 

SNo. I 

A 

B 

a 

SNo. 2 

A 

C 

B 

^No. 3 

B 

A 

c 

5 No. 4 

B 

C 

4 

JNo. 5 

C 

A 

B 

5 No. 6 

C 

B 

A 


There is no other combination of orders in which the three con- 
ditions may appear. We note that A occurs twice at each session, 
as do B and C. Again, we probably would not use only 6 Sfe; rather, 
we would use, let us say, 30, thus repeating the above block five 
times. As long as number of iSk used is a multiple of six we have 
perfect counterbalancing of three conditions. 

Number of conditions and number of Sb. With two condi- 
tions we have seen that 9 Ss are required to effect complete counter- 
balancing. With three conditions, 6 Ss are required. How many 
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Ss are required to have complete counterbalancing if we have 
four conditions? If you write all the possible combinationsj you 
will find that 34 Ss are required for a four-condition experiment. 
With five conditions lao Ss would be required — lao Ss with five 
conditions each. Seldom does E run such an extensive number of 
Ss in so many conditions. Consequently, no more than four condi- 
tions are customarily used in counterbalanced designs. With five 
or more conditions, Design Method IV is used. This method will 
be explained shortly. 

Three Variations of Counterbalanced Design 

In practice there are three general lands of experiment which 
may employ counterbalancing: (i) experiments in which E varies 
the nature of the material; (2) experiments in which E varies con- 
ditions imder which material is presented, and (3) those in which 
E studies practice efiects. Each of the three kinds of experiments 
involves somewhat different procedures in setting up the design 
and in collating the data. 

Variation in material. In these experiments E varies the nature 
of the material to be learned. This might mean variation in simi- 
larity, in meaningfulness, in difficulty, and so forth. Let us say we 
are going to perform an experiment on transfer of training as a 
function of similarity between two lists of nonsense syllables. We 
know the lists we are using vary in only one aspCbt — degree of 
similarity. Since each S is going to serve in all three conations, 
we need three sets of two lists each. Set A has high similarity 
between the two lists; Set B, medium similarity; Set C, low simi- 
larity. Our design would be exactly the same as the three-condition 
experiment outlined above. 

For simplicity, let us say we use only 6 Ss, and a ungle measure 
of transfer; namely, trials to learn the second list. For each 5 for 
each condition we obtain the following raw scores : 



SessUm i 

Session st 

Session 3 

. 

Cend. Sam 

Cond. Score 

Cond. Score 

No. t 

A — 10 

B~it 

C— 8 

No. 3 

A — 14 

C — 13 

B—13 

No. 3 

3—16 

A — 10 

C- 7 

No. 4 

B—15 

C— II 

A— 8 

No. 5 

C— It 

A — 10 

B — 13 

No. 6 

C- 7 

B~ 9 

A — 4 
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Now let us collect the scores for the three conditions: 



A 

B 

C 

No. I 

to 

II 

8 

No. 3 

14 

13 

13 

No. 3 

10 

16 

7 

No. 4 

8 

>5 

II 

No. 5 

JO 

13 

II 

No. 6 

4 

9 

7 


From these distributions of raw scores we can determine directly 
whether or not the conditions produced significant mean differ- 
ences in speed of learning. A can be compared with B and C, and 
B can be compared with C. 

Variation in conditions. By this we mean that E varies certain 
environmental conditions, such as time factors, distribution of 
practice, amount of a given drug, and so forth. For our purposes, 
let us again consider a transfer experiment in which we vary the 
time between the presentations of the two lists. We use as our 
three intervals, o, 30, and 60 minutes. We make up three sets of 
lists, each set containing two lists. They are so constructed that 
we believe they are roughly equivalent in difficulty. We arbi- 
trarily assign two lists to be used as Set 1 on the first session— 
another two for Set II on the second session, and the final two to 
be used as Set III. Our Design for the three conditions now appear 
as follows: 



Smm, I 

Stssim 2 

Session 3 


Sit I 

SetJI 

Set III 

SNo. I 

0 min. 

30 min. 

60 min. 

JNo .3 

0 min. 

60 min. 

30 min. 

SN0.3 

30 min. 

0 min. 

60 min. 

^No.4 

30 min. 

60 min. 

0 min. 

5 No. 5 

60 min. 

0 min. 

30 min. 

JN0.6 

60 min. 

30 min. 

0 min. 


Again we have each condition occurring equally often at each 
stage of practice so there should be no bias as a consequence of 
difierential practice effects. We would bring our data together 
for the o-minute condition, for the 30-minute condition, and for 
the 60-minute condition in a manner comparable to that used 
when varying similarity. 

We have used Set-I lists on the first day for aU Sa, Set II on the 
second day, and Set III on the third. These lists which we 
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constructed were only roughly equivalent — ^we cannot overlook the 
possibility that they may actually be significantly different in 
difficulty. At this point many students will object; they will insist 
that the lists have to be equal in difficulty if the same set is always 
being used on the same day. But, note, each condition occurs 
equally often with each set of words (or vice-versa) so that if 
the lists do differ in difficulty the effects of this variation will be 
distributed equally over all conditions; the difficulty variation will 
not, therefore, bias any given condition. In short, equalizing the 
effects of differences in difficulty by counterbalancing is precisely 
the same as equalizing practice effects. We shall point out later 
certain desirable features of fairly equal lists, but from the stand- 
point of sheer design the lists do not have to be known to be of 
equal difficulty. 

Studying practice efSfects. Occasionally, there is an experiment 
in which E desires to study practice effects or, leaming-how-to- 
leam transfer. If this is to be studied adequately, om design will 
be somewhat different from cither of the above two. Again, we 
will consider three conditions, but this time our three conditions 
are stages of practice. Stage i, Stage 8, and Stage 3, Arbitrarily we 
choose three lists of words, which we believe to be fairly equal 
in difficulty. Again, the lists do not have to be of equal difficulty. 
Now, what are we going to counterbalance? Our experimental 
variable is the stage of practice; obviously we can’t coxmter- 
balance it; we can’t give S the third stage of practice before he has 
had the first two stages. There is only one th^g to counterbalance 
— the material, which, in this case, is the lists. Our design would 


appear as follows: 

Session x 

Session s 

Session 3 


Stage I 

Stage II 

Stage m 

5 No. I 

List I 

List 2 

Lists 

5 No. 2 

List I 

List 3 

List 2 

JNo. 3 

List a 

List I 

List 3 

5 No. 4 

List 2 

List 3 

List I 

JNo. 5 

Lists 

List 1 

List 2 

5 No. 6 

List 3 

List 2 

List I 


Since we do not know that our lists are of equal difficulty, the 
counterbalancing results in each list occurring equally often at 
each stage of practice. Conseqiiently, differences in rate of 
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learning from Stage i to Stage 2 to Stage 3 must be a function of 
le arning how to learn, not a function of the lists. If we had three 
lists known to be of equal difficulty, no counterbalancing of any kind 
would be necessary. 

The collection of data in this experiment would be different 
from that in cither of the two preceding types. Here we are studying 
rate of learning at a given stage of practice; hence, we would 
compare the scores obtained on Session i with those on Session 2, 
and those on Session 2 with those on Session 3. 

In summary of these three types of experiments using counter- 
balancing, we may say that if we are manipulating type of material, 
the material is counterbalanced; if we are varying an environ- 
mental condition, the material is held constant from day to day 
and our counterbalancing pertains to the environmental condition. 

^ Finally, if we are studying practice effects, we counterbalance the 
material. Our illustrations have used three conditions, but all 
considerations apply in exactly the same manner for two or four 
conditions. 

DESIGN METHOD IV: SYSTEMATIC RANDOMIZATION 
OF CONDITIONS 

We have said that if we have five or more conditions, complete 
counterbalancing requires more iSs than E may be able to run in 
a single experiment. Systematic randomization, so-called, has been 
devised for experiments in which five or more conditions are 
dedred, and in which all iSs are to serve in all conditions. 

The methods In point of fact, the label, systematic randomiza-' 
tion, is something of a contradiction in terms because we cannot 
have randomization if there is a system. The method has three 
characteristics: 

1. Each condition occurs equally often at each stage of practice. 

2. Each condition 'precedes and follows all other conditions 
an equal (or approximately equal) number of times. 

3. All possible orders of conditions are not used. 

Sysfisn is involved in that we make sure each condition occurs 
equally often at each stage of practice, and that each condition 
precedes and follows each other about an equal number of times. 
Other than meeting these requirements, the order of conditions 
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is randonij although in actual practice there is less random order 
involved than might appear at first. 

The method does not necessarily suffer because all possible 
orders of conditions are not used, nor because each condition 
does not precede and follow each other an equal number of times. 
Like counterbalancing, systematic randomization should not be 
used if there is reason to believe that one condition transfers to 
a second condition more than the second does to the first. Differen- 
tial transfer effects would result in biased estimates of the infiuence 
of conditions; since we do not use systematic randomization if 
there is differential transfer, we have no cause for concern over 
the fact that all orders of conations are not used. We may, of 
course, analyze the results of an experiment to determine if there 
have been differential transfer effects. 

The number of Sa needed to fill out the plot of systematically 
randomized conditions is a multiple of the number of conditions. 
If we have five conditions, we use 5, 10, 15, and so forth. Si and 
with six conditions, 6, is, 18, S4, and so forth, Sa. As an illustration, 
let us show how systematic randomization would be set up for six 
conditions {A, B, C, D, E, F) and six iSs, again recognizing that 
we would seldom use only one S for each condition sequence. 



Sessioii i 

Session s 

Session 3 

Session 4 

Session 5 

Session 6 

5 No. I 

A 

B 

F 

C 

E 

D 

5 No. a 

D 

E 

C 

F 

B 

A 

5 No. 3 

C 

A 

E 

B 

1> 

F 

SNo. 4 

F 

D 

B 

E 

A 

C 

^No. 5 

B 

C 

D 

A 

F 

E 

5 No. 6 

E 

F 

A 

D 

G 

B 


In this plot, each condition occurs once on each day, and each 
condition follows each other condition an equal number of times. 

All considerations which we have given to counterbalancing 
designs with respect to types of experiments, collecting scores, 
and so forth, apply to systematic randomization in the same fashion 
as they do to counterbalancing. 

Why wouldn’t we use complete randomization of conditions? 
In a six-condition experiment it would seem, for example, that 
we might put six numbers in a hat and let the order in which these 
numbers are drawn indicate the order for one S, A second draw- 
ing would indicate the order for a second S, and so on. Like 
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Design Method I, no objection can be sustained against this 
method if a large number of Sa is used, for in the long run we 
would expect each condition to occur about equally often at 
each stage of practice, so that each condition would precede 
and follow each other almost an equal number of times. But when 
we use small numbers of Sa, let us say ao to 50, as we almost 
inevitably will if we have five or more conditions for each S, we 
need not run the risk that chance will not equalize for practice 
effects. Therefore, we make certain that each condition occurs 
equally often at each stage of practice. 

The Use of Practice Days 

In many experiments it is customary to give S from one to 
several practice days before starting him on a sequence of experi- 
mental conditions. The idea behind the use of practice days is 
to get S adjusted to the experimental situation and to eliminate 
the sharpest portion of the practice curve — ^the curve of learn- 
ing-how-to-leam. If the experimental conditions are somewhat 
complicated, it often appears desirable to introduce S to the 
various changes in the experiment on practice days so that he is 
better prepared for the experimental conditions when they occur. 
Such preparation is likely to reduce the variability of his per- 
formance, and reduction of variability results in a more reliable 
estimate of the influence of experimental conditions. We might- 
expect a reduction in variability of performance only as long 
as the number of sessions involved is not great enough to set up 
a counteracting factor, such as boredom, which might increase 
the variability. ‘ 

There is certainly no specific number of practice days which 
one can say should be given. When practice effects are great, 
more practice days are indicated than when practice effects are 
slight. We would recommend more practice days with serial 
learning than with paired-associate learning, because the learning- 
how-to-lcam effects of serial learning are greater (see previous 
chapter) . If the experiment is complicated, so that actually carry- 
ing out instructions might be difficult, practice days should be 
used to make sure that S understands what is expected of him. 

The statistical value of piractice days. As an exercise in 
experimental design, let us consider what statistical influence 
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practice days have on the scores for the experimental days. For an 
illustration, we will take an hypothetical two-condition counter- 
balanced experiment The nature of the conditions is unimportant 
for our pimpose. Let us assume that for the material being used 



Fto. 55. The statistical influence of practice days. See text for explanation. 

the leaming-how-to-leam transfer is largely complete by the time 
has learned two lists. This means that the sharp drop in the 
practice curve has taken place by the end of learning two lists 
and that for lists three and four the curve is nearly horizontal. 
This practice curve is shown in Fig. 55. 



EXPERIMENTAL PSYCHOLOGY 


334 

First, let us evaluate the situation in which we do not use 
practice days in our two-condition experiment. Our two con- 
ditions, A and B, are counterbalanced. This means that half the 
^s get Condition A with List i and Condition B with List a, and 
the other half get Condition B with List i and Condition A with 
list 2. The hypothetical distributions of scores for each conditi.on 
on each list is shown in Fig. 55. The distribution of scores for 
Condition A is represented by the solid line and for Condition B 
by the dotted line. The distributions are so drawn that a difference 
in performance for the two conditions is apparent. Two assump- 
tions are made in drawing these distributions; (i) the variable 
being investigated is uninfluenced by the stage of practice, i.e., 
the mean difference between Conditions A and B is the same for 
all stages of practice; (3) the range of scores remains constant at 
all stages of practice. (It is probable that the range actually decreases 
as a function of the practice stage. If this is true the validity of the 
following argument is enhanced.) 

Now, let us see what happens when we list oiur scores for 
Conditions A and B when no practice days have been given. All 
the scores on Condition A we list together; we do the same with 
Condition B. This means that for each condition we are putting 
scores together from two rather dificrent stages of practice. The 
resulting distribution for each condition would be that distance 
from the poorest score on List i to the best score on List a. These 
score distances are depicted for you in Fig. 55. 

As a second step we do exactly the seune for the right half of 
the graph, in which the scores on the experimental conditions 
are depicted after having two practice lists. Again, we determine 
the ranges for Conditions A and B. 

We may next note that the difference in the ranges of the 
conditions are quite different depending upon whether or not 
we have given practice days. The range of scores for a given 
condition is much greater when practice days are not given than 
it is for the same condition when practice days are given. What 
is the signiflcance of this? We know that the standard error of a 
difierence is directly proportional to the range; the greater the 
range the larger is the standard error, the smaller the range the 
smaller is the standard error, providing, of course, Jf is constant. 
With a constant mean difference between two conditions, the 
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critical ratio or t value is proportional to the size of the standard 
error of that difference, with the larger the standard error the 
smaller the critical ratio. We thus see that, given a constant mean 
difference, we increase the reliability of this difference if we have 
introduced practice days. 

We have mentioned previously that in manipulating conditions 
under which a given material is learned, the materials used from 
day to day do not have to be of equal difficulty. But, we have also 
said it is desirable that such material be of near-equal difficulty. 
The reason for this, it should now become clear, is exactly the 
same as the reason for having practice days. If the material to be 
learned is unequal in difficulty, the range of scores for a given 
condition is increased. As an exercise, you should demonstrate 
this to your own satisfaction in a manner similar to that used in 
demonstrating the influence of practice days. 

The Design Method to Use in Practice 

There are no hard and fast criteria by which to choose a method 
for ‘any particular kind of experiment. In many instances all 
methods would be equally satisfactory. The choice of the method 
sometimes hinges on the number of •S's available, the amount of 
time to be spent per S, the number of conditions, and so on,. 

Because of the precision involved, Design Methods III and IV 
arc preferred for a great many experiments. There arc, however, 
certain instances in which these methods are not suitable because 
their use is likely to obscure the true influence of a given group 
of conditions. Fortunately, we can be fairly definite on our identi- 
fication of these situations where it does not seem advisable to use 
Methods III and IV, but rather, Design Method II, Matched 
Groups. These situations faU into two classes: 

I, Experiments in which there may be a considerable difference 
in transfer effect from one condition to another. Thus Condition 
A might strongly influence B, but B would have little effect on A, 
If this were the case, we would be getting a strongly distorted ac- 
count of the influence of the condition being manipulated. Two 
general classes of experiments fall into this heading: 

a. Experiments in which one or both conditions involve unusual treat- 
ment. Illustrations would be experiments in which electric shock was used 
or in which S was severely frustrated. It is very likely that the set or attitude 
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of 5 in going from a non-shock to a shock condition would be quite different 
from the set or attitude of an iS going from a shock to a non-shock condition. 
Unless we are specifically studying the effects of differential sets, we do 
not want it to enter the experimental picture. Most of the experiments 
reported in the chapters on Motivation, Conflict, and Frustration were 
done by Design Method II, Matched Groups, rather than either Methods 
III or IV. £3 have rightly believed that counterbalancing or systematic 
randomization would not give a true picture of the influence of the unusual 
treatments applied to their .S's. 

b. Experiments in which the effect of varying instructions is to be 
determined. For example, we might want to know the influence on 
learning of rehearsal during a rest period. If in one condition we instructed 
Ss to rehearse, and in another condition did not instruct them at all 
concerning what to do during the rest interval, it is probable that counter- 
balancing would reduce the measurable influence of the conditions. Ss 
whose rehearsal instruction came on the first day might also rehearse 
during the second condition. If any experiment carries the likelihood that 
instructions intended for only one condition may carry over to another, 
Design Methods III and IV should not be used. 


2. Experiments in which the task involved is such that one 
cannot obtain successive samples of that task. An illustration of 
this would be in the mirror star-tracing experiment. From the 
data presented it can be seen that learning is quite precipitous, 
and that S reaches a high level of performance after relatively few 
trials. In verbal learning, we could give S a completely different 
list on the next day; in mirror star-tracing, however, we cannot 
give him a star-tracer apparatus and expect his performance to 
start at a low level again. If we attempted to counterbalance con- 
didons in minor star-tramng, where each condition involved 
several trials, we would greatly diminish the influence of our con- 
ditions since S readily gets to a point where his performance will 
improve but little with practice. In short, when we have a task 
which is the only one of its class, or when the positive transfer 
to other members of its class is very considerable, counterbalancing 
or systematic randomization should not be used. Different groups 
of Ss have to be used for each condition. 

These criteria are the only clear-cut ones which-'can be laid 
down in choice of method. One guide to selection is often avail- 
able; if an experiment has been performed using a given technique, 
and if that technique seems sound, adapt it for your experiment. 
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Not only does this increase the probabilities of having a good 
experiment methodologically, but it also tends to integrate the 
procedures and results among different laboratories. 

THE PROBLEM OF SGIENTIFIG GENERALIZATION 

By now we are quite familiar with methods for designing sound 
experiments. We shall, of course, need additional practice in' 
mastering the details of these methods as they apply to a given 
subject matter area, but we have the necessary tools to desi^ 
and execute simple experiments and know that our data are sound. 
An experiment allows us to discover a factual relationship between 
stimulus and response variables. Now let us discuss briefly what 
we might say about the broader scope of this relationship, i.e., 
what we can say about this relationship in other situations with 
different iS's. 

Whenever E performs an experiment he usually does so with 
the idea that his findings will not be true only for his conditions 
and only for his sample of Si. The problem of scientific generaliza- 
tion is; how widely applicable arc’ the results of the usual experi- 
ment? Many Es, fully cognizant of the dangers of unrestricted 
generalization, may cautiously state: “Under the conditions of 
the present experiment’’ such and such was found, and no direct 
attempt is made to assess the generality of the findings. However, 
this dodges a clear responsibility. One cannot expect to set up a 
specific experiment in order to derive facts for every aspect of 
aU possible conditions for all people for every phenomenon. 
Sooner or later some generalization must be attempted. The 
human mind should never rest content with discovery of the 
purely specific. 

There are four hierarchical factors which must be evaluated in 
considering the generaUty of an experimental finding; (i) the 
sample, and its representativeness of a given population; (2) the 
task or material used in the experiment; (3) specific conditions 
from which the facts were derived; (4) dimensional extremities. 

In evaluating each of these factors, we must keep in mind at all 
times that it is assumed that E is also conversant with the pertinent 
findings of other Ea, and that these findings are considered in relation 
to his own. 
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The sample. Strictly speaking, if E has a random sample of a 
defined population he is justified in generalizing only to that 
population. Most of our experiments have been done on college 
students, and we know that such samples are not representative 
of the population at large. Indeed, the great majority of our 
experiments have been with elementary psychology students, 
and such samples may not even be representative of the college 
population of a school. Furthermore, because of differences in 
curricula and differences in entrance requirements, elementary 
psychology students at different universities do differ. In short, 
we are not on firm ground if we generalize from elementary 
psychology students to the population as a whole unless we have 
independent evidence that our given finding is not related to 
population differences. It must be understood that psychologists 
have not been unaware of the fact that the behavior of elemen- 
tary psychology students is not representative of the eighth- 
grade pupils in Storm Lake, Iowa, or of the rat colony maintained 
by Harvard University, or of the employees of Armour and 
Company. The use of elementary psychology students has been 
an expedient. 

It is not entirely unwarranted, of course, to assume that the 
laws of behavior derived from college students may have some 
generality. After all, college students may be defined as humans 
and many kinds of laws may be presumed to be general among 
humans. Be it noted, too, that it is well worth-while to have 
general principles of the behavior of college students. Sooner or 
later, we assume our experimentation will be extended so that 
we sample a much larger and heterogeneous population than 
heretofore has been available. In the meantime, our generalizations 
must be made with due caution. 

The material or task. Task variables are usually important for 
most phenomena. What may hold true in learning a poem may 
not hold true in learning to fly an airplane. Thus, even in general- 
izing to a restricted population for a given phenomenon, E should 
first have explored representative types of tasks or materials with 
respect to this phenomenon. This, in most cases, is a step which 
can and is taken by most psycholo^ts. 

The specific conditions. Not only may a phenomenon be 
limited to a given kind of material for a given population, but it 
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may also be limited to a very restricted manner in presenting that 
material. For example, one phenomenon (reminiscence) appears 
when nonsense syllables are presented at a a-second rate on a 
memory drum but not when they are presented at a 4-second rate. 
The continual occurrence of a relationship under several different 
conditions must be necessary before generalization to other con- 
ditions is aeqepted. 

Dimensional extremities. Almost any scientific generalization 
concerning the influence of a given variable breaks down when 
that variable is manipulated at its extremes. Probably the reason 
for this is that other variables are automatically brought in when 
the main variable is effective in an extreme degree. The activity 
of a rat increases as deprivation time increases, but this obviously 
cannot be carried to its logical extreme] with extreme deprivation 
time the rat weakens. In the previous chapter we have said that 
leaming-how-to-learn transfer seems to be uninfluenced by the 
passage of time. If the elementary psychology students on whom 
this principle was derived were tested on the second list when 
they are 80 years of age, we would probably be forced to amend 
the principle. Almost all psychological relationships between 
stimulus dimensions and response dimensions explicitly or im- 
plicitly carry the qualifying phrase, “within limits.” The break- 
down of the relationship at the extremes of the stimulus dimension 
is to be accepted. 

These, then, are the four factors to bear in mind when con- 
sideration is being given to possible generalizations. All generaliza- 
tions represent approximations to the truth, and statistically, 
approximations are appraisable by the error of estimate. One 
guide may be kept in mind when we are faced with the problem 
of scientific generalization: the further and further one’s general- 
ization gets beyond the conditions and subjects from which the 
principle was derived, the larger and larger will be the probable 
error in its wider application. 
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Learning I — Conditioning 


LEABMNGi INTRODUCTION 

Learning so pervades human activity that any curiosity about the 
nature of man and his behavior leads sooner or later to inquiry about 
how bis habits are formed, how his skills are acquired, how his prefer- 
ences and tastes develop, how his knowledge is obtained and put to use. 
Equally important is how he becomes enslaved by prejudice and bigotry 
and other learnings which lead to trouble instead of to a satisfactory 
aoLudon of his problems (Hilgard, 151, p. x). 

De&nitioital problems. We infer the characteristics of the 
lea rnin g process from observed performance changes. Learning 
is thus a construct; it is not something we observe jifrectly. When 
we set out to specify the characteristics of the performance changes 
from which learning can be inferred several considerations should 
be kept in mind: 

I. The performance change must result from practice or repe- 
tition of a specific behavior sequence. This requirement differ- 
entiates performance changes associated with learning from 
performance changes associated with maturation. Changes in 
performance indicating maturation are attributable to neuro- 
muscular-glandular growth, and not to repetition of a specific 
bdiavior sequence. 

a. The change must represent an increment in performance, 
where increment is demonstrated by response measures agreed 
upon hy JSs. This qualification difierentiates learning from fatigue, 
since fatigue is defined as a decrement in performance. Nothing 
is impKed concerning the moral aspects of performance. “Bad” 
habits as well as “good” habits represent increments m 
performance. 
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3. The stimulus manipulation which we relate to performance 
increment in order to define learning consists of at least two 
repetitions of a given sequence. Learning, being a change in per- 
formance, can be inferred with accuracy only if two or more 
measurements are taken. 

4. In a very strict operational definition we might conceive of 
two matched groups, one group (experimental) being given one 
or more repetitions of a situation-response sequence, the other 
(control) being given none. If a test of the responses of both groups 
discloses better performance by the experimental group, we say 
that learning has taken place. 

5. Keeping the above restrictions in mind, we may say that 
learning is the acquisition of new responses or the enhatused execution of 
old ones. 

Chapter plans. Four chapters will be formally devoted to the 
study of learning. We say formally devoted because it is quite 
apparent that the preceding five chapters have often referred 
to the learning process. Even Chapter X, in which we studied 
experimental design methods, would not have been written were 
it not for the inevitable practice eflfects (learning) which accom- 
pany experimentation and which must be controlled adequately 
in an experimental design. We have seen how motivation is 
inextricably related to learning; we have seen how frustration 
experiments usually involve placing 1$^ in a learning situation and 
then making it difficult or impossible for him to learn. Transfer 
of training is a general variable which determines in part the rate 
at which learning wiU take place. Our study of learning proper 
will thus only focus attention on a highly important area with 
which we are already generally familiar. 

The four chapters on learning are, in order. Conditioning, 
Multiple-Response Learning, Thinking, and Theoretical Problems. 
The expediency of that order is derived firom the author’s con- 
viction that one should proceed firom the simple to the complex. 
Relatively speaking, this order of the chapters advances in steps 
according to the level of complexity of the situation in which 
learning is studied. Yet there is nothing absolutely simple about 
even the least complex situation — ^which is conditioning — since as 
we shall see, a conditioned response is an extremely complex bit 
of behavior. 
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Another reason for considering these learning phenomena in 
the order indicated is that principles derived from conditioning 
are often used as explanatory devices for more complex behavior. 
Our use of the concept of generalization in studying conflict and 
transfer of training is an illustration of this procedure. The trans- 
fer of principles from one level of complexity to another has been 
largely uni-directional, i.e., principles of the conditioned responses 
have been used to explain more complex phenomena, but the 
principles derived at the complex level have seldom been used to 
explain conditioning phenomena. The tendency to apply con- 
ditioning principles as explanations of more complex behavior 
emphasizes the analytical nature of scientific procedure. Empirical 
relationships discovered at the simple level make good starting 
points for analyzing complex situations. This procedure does not, 
of course, mean that the laws of the simple case will inevitably 
hold in the complex one, but it does give the scientist a starting 
point both in method and toward the construction of theory. 

CONDITIONING: INTRODUCTION 

Cionditioning as an experimental procedure and as a mine of 
behavioral data has become thoroughly established as a part of 
American psychology. In spite of the different points of view 
which prevail as to its particular place in psychology, there can 
be no doubt of the status of conditioning when evaluated by 
the number of psychologists whose research interests center around 
it. The most e^iaustive work in the field (153) published in 1940, 
even though largely concerned with American investigations, lists 
973 references. During the years since that publication, scores of 
new researches have been published. In our one chapter we shall 
be able to include only the high points of conditioning procedure 
and concepts. 

Conditioning is defined by a cluster of techniques. The con- 
ditioned response obtained by a given technique is usually a 
relatively discrete response to a relatively discrete stimulus. We 
say relatively because the response, or aspects of it, may be 
measured in several different ways, and we say relatively again 
with regard to the stimulus because in some instances there is not 
a discrete stimulus event but rather, a stimulus complex. By and 
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large, however, in all conditioning we are able to point out a 
given response which occurs to a given stimulus after tr ainin g , 
though before training was undertaken no such associative con- 
nection existed. 

The plan of the chapter. The sequence of sections for this 
chapter is as follows : 

1. Procedural variations defining conditioning 

2. Methods of response measurement 

3. Variables determining rate of conditioning 

4. Variables determining extinction 

5. Other phenomena 

6 . Concluding considerations 1 


PROCEDURAL VARIATIONS DEFINING CONDITIONING 

The extensive literature forbids here any attempt to das^y the 
great variety of responses which have been conditioned. The 
student is referred to Hilgard and Marquis ( 153 , Chapter II) for 
this information. We may mention only that nearly aU types of 
animals on the phylogenetic scale ftom one-celled organisms 
through man have been successfully subjected to conditioning 
procedures. Our attention turns to the two most-used conditioning 
procedures. Under each of these procedures there are several 
specific techniques. 

Procedure 1 

This procedure is exemplified by Pavlov’s (284) work with the 
salivary response in the dog and indludes all procedures conunonly 
known as classical conditioning. We are already acquainted with the 
general procedure, so we need only make formal definitions of the 
aspects of the procedure: 

Conditioned Stimulus {CS): Any stimulus which before training 
will not evoke the response to be conditioned but will evoke 
it after training. 

Unconditioned Stimulus (JUS) : Any stimulus which before training 
will evoke the response to be conditioned. 

Unconditioned Response {UR) : The response eUcited by the US. 

Conditioned Response {CR) : The response which is elicited by the 
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CS as a consequence of the training procedure. This CR is the 
performance change from which we infer learning. 

Pavlov discovered early in his researches that in order to devdop 
a stable CR most rapidly it was necessary to eliminate all dis- 
tracting stimuli. Consequently, most of his later work was done 
in sound-proofed rooms with all stimuli presented mechanically. 
Most American investigators have followed Pavlov’s lead in this 
matter. Mechanical timing devices, careful adaptation of the 
organism to the experimental situation before training starts, the 
use of sound-proofed rooms, and so forth, have all been common 
in the experiments we shall review. 

Let us diagram the training sequence of Procedure I. The 
dotted lines represent temporal duration of the stimuli, and 
Pavlov’s usual stimuli are used as illustrations. 

CS 

(bdl) 

US ; 

(meat powder) 



Except when the time interval is a variable of study the CS usually 
precedes and overlaps the US, since this relationship gives more 
rapid learning. The CS is followed by the US in an invariable 
sequence. The US produces the UR, salivation (in the above 
case). The pairing of the two stimuli continues time after time 
until the CS will by itself elicit the salivation. This response, the 
CR, need not be a replica of the UR, but is usually quite similar. 
Determination of whether a CR has been formed is accomplished 
in two ways: 

t. If the respoiue imtmpates the US, it is an indication that it is occurring 
tothcGS. 

9. B may give ttst trials at various points in the training when only the 
CS is given. If the response occurs to the CS this is, of course, indicative of 
conditioning. 

Distinctive features of Procedure I. Analysis of the Pavlovian- 
type procedure indicates that the method has four distinctive 
features, and we may use these features to distinguish Procedure I 
from Procedure II, 
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1. US produces the response to be conditioned. It will be noted 
that in Pavlov’s procedure the US, meat powder, produced saliva- 
tion, a response which eventually became associated with the GS. 

2. S does not discover the “correct” response — ^it is “forced” 
upon him by the US. The presentation of CS and US is independent 
of S’s behavior. 

3, .y is usually physically restricted with but little freedom of 
movement allowed. 

4, There is a discrete CS. 

Illustrations of Procedure 1. In addition to Pavlov’s work 
there are several other specific techniques which may be classed 
under Procedure I and which have been used with considerable 
frequency. 

1. Flexion response in animals. In several instances in the preceding 
chapters we have seen how E has conditioned a dog to lift his 
foot to the sound of a buzzer {CS) and thus avoid a shock (MS). 
In some experiments the shock has been administered whether the 
flexion response is made or not; that is, even though the animal 
responds to the CS by lifting its foot. 

2. Finger withdrawal. In conditioning finger withdrawal E may 
or may not allow the response to avoid the shock. 

3. Eyelid closure. This has been a favorite response to condition 
in humans, and in view of the fact that we have not previously 
had an illustration of such conditioning, the details of the procedure 
should be indicated. Rather elaborate apparatus has been con- 
structed for conditioning this response in order to assure precise 
stimulus control. 

The S is usually seated in a dark room with his head held firmly 
in position. E clamps a small tube onto the apparatus holding the 
head in position so that its outlet is very close to the eye. At the 
appropriate time the tube will emit a slight jet of air directed 
at the eyeball, causing a reflex wink. The air jet is the US, the 
wink the UR. A slight hammer tap or a shock just under the eye 
has also been used as MS's. A weak light or a “dick” may be 
used as CS. 

Measurement of the response is usually accomplished by photo- 
graphy. A false eyelid consisting of a very light but stiff strip 
of paper is pasted on the real lid and reflects a beam of light 
thrown directly in front of the fece at right angles. When the 
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lid blinks, the false lid also moves and the shadow movement is 
recorded photographically. A timing system is so arranged that 
the events occurring between the presentation of the GS and the 
blink following the US are clearly outlined on the permanent 
record for each trial. As conditioning takes place the eyeblink 
wUl be seen to move ahead of the US, thus indicating that it is 
occurring in response to the CS. The method has also been success- 
fully used with dogs (15a). 

4. The psychogdvank response. This has been widely used in 
conditioning procedures with human Sa. The US is usually a 
shock, and as we know, the response is measured by a galvano- 
meter as changes in electrical resistance. 

Human voluntary responses are difficult to condition in the 
laboraUny. This should be emphasized because it seems likely 
that many of our responses in everyday life are acquired under 
conditions which fit the conditioning paradigm. This is seen 
most clearly in young children as they learn the implications of 
verbal symbols. Parents often say “no” and follow this with a 
mild slap on the child’s hand if he reaches for a breakable object. 
A few such occurrences usually result in the “no” itself eliciting 
withdrawal behavior, whereas in the beginning this stimulus had 
no efiect. With adult Sa in the laboratory conditioning is a different 
problem since the voluntary control may inhibit the occurrence 
of the desired response. 

In conditioning voluntary responses, such as finger or hand 
withdrawal, instructions are very important. E attempts, in a 
sense, to get S to dissociate himself from his hand and let the 
hand govern itself. Sa have sometimes reported that such a feeling 
of dissociation has developed. In some experiments E has required 
S to work simple problems while the finger was being conditioned. 
Here is a sample of instructions given by Wickens in his work on 
finger conditioning: 

This is a conditioning experiment. During the experiment your hand 
will be strapped to this board, with yoiu middle finger resting on this 
electrode, and the other riectrode fastened to your wrist. You will receive 
a shock which will pass from one electrode to another. You can break 
the shock by lifting your finger fix»m the dectrode. During the experiment 
a tone will precede tiie shock by a regular interval of time. If you g^t 
conditioned you will develop a tendency to respond to the tone before the 
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shock goes on. I do not want you to fight against becoming conditioned, 
and at the same time you are not to respond voluntarily to the tone. If 
your finger wants to fly up just don’t inhibit it (408, p. S23). 

To emphasize further the importance of instructions to S, let 
us consider an empirical study by Norris and Grant (381). These 
Ms worked with eyelid conditioning to determine whether in- 
structions not to blink would retard conditioning. The CS was a 
dim light, the I/iS an air puff. Six conditions were employed but 
only two of these will be described here. 



Succassivt Blocks of FIvs Trills Esch 

Ao. 56. The efiect of two difiihrent instructions on eyelid conditioning. Data 
finm Norris and Grant (381). 

Before the initiation of the training trials, the control group 
was told; “Do not attempt to control voluntarily your natural 
reactions to these stimuli. Simply behave naturally and let your 
reactions take care of themselves” (a8i, p. 39). Members of the 
experimental group, on the other hand, were instructed; “Be 
sure you do not wink before you feel a puff” (s8i, p. 39). Ss in 
this latter group would, of course, wink to the puff, but the in- 
structions were designed to inhibit the CR which after a certain 
number of training trials would normally begin to appear before 
the puff was administered. 

Ss in both groups were given 70 training trials {CS followed 
by US), 40 of them being given one day and 30 the next. The 
mean percentage frequency of CRs for each block of 5 trials 
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for each group is shown in Fig. 56. The acquisition curves show 
clearly that instruction to inhibit the CR resulted in a marked 
reduction in frequency of CRs. Thus S’s set, as determined by J^’ 
instructions and, we presume, by instructions S gives himself, 
may significantly influence conditioning of the eyelid reflex. 

Fffocediire 11 

Procedmre II is exemplified by the rat in the Skinner-box. A rat 
placed in the box must learn to press the lever to secure food. 
Let us note the differences in this procedure as compared with 
Procedure I. 

I. The pellet of food does not produce the response which is 
to be conditioned. The response to the food may be chewing and 
swallowing, but the response conditioned is lever pressing. 

a. S has to discover the correct response and the pellet is not 
given until this discovery is made. The rat may salivate, it may 
roU over, or it may do handsprings, but only when it presses the 
lever, can it obtain the food. 

3. iS is not as physically restricted as in Procedure I. 

4. There is no discrete GS. The stimulus which elicits the 
response of lever pressing is better thought of as a stimulus complex 
in which the walls of the box, the lever, the placement in the 
box, the motivation, and so forth, all unite to form the stimulus 
complex in which the response is emitted. Basically, the diagram 
of Fig. 3, Chapter I, represents the paradigm of Procedure II 
as it is used in the present chapter. 

niastrations of Procedure II. In addition to the Skinner-box 
several other situations have been used with considerable frequency 
by various investigators. 

I. Problem boxes. In the problem box S is to discover a response 
which opens a door and allows exit to obtain food. This is 
exemplified by Guthrie’s work with cats (131). Gats are placed 
in a small box in which there is an upright pole. When the cat 
hits the pole a contact is broken causing the door to open and 
allowing the cat to reach a bit of salmon. 

s. Straighl alUy maze. A straight alley maze is usually about 
3 feet long. The animal is placed at one end and food at the other. 
The measure of learning is the increase in speed with which 
the animal runs from the starting box to ^e food box on 
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successive trials, or the latency in leaving the starting box on 
successive trials. This technique has been developed largely by 
Graham (115) and his students at Brown University, 

3. T-matfi. We are already familiar with this device. The rat 
must learn to take one or the other of the two arms in order to 
obtain food. Typically this is used as a discrimination problem in 
which the correct response is to take the arm in which a light 
is turned on and avoid the dark arm; to take the arm in which 
there is a square stimulus form and avoid the arm with the circular 
stimulus form; to take the left arm and avoid the right, and so 
forth. Frequency of correct responses on successive trials is the 
basic measure. 

These two procedures, I and II, will not include all situations 
in which conditioning has taken place, but they will include the 
majority of them. So far as can be told at present regarding the 
factors which produce differences in the rate of conditioning, no 
great difference exists in responses learned in the two types of 
situations. Consequently, in most of our later discussion of the 
manipulable variables, we will make no distinction between Pro- 
cedure I and Procedure II. The distinction does, however, have 
importance for the theoretical formulation to which we will turn 
in Chapter XIV. 

MEASUREMENT OF CONDITIONED RESPONSES 

Several measures have been used as indices of the degree of 
conditioning attained during a series of trials. We shall name 
them and suggest how some of them are plotted in graphic form 
(Fig. 57). The curves are for illustrative purposes only, since 
^ere is no one frus learning curve. All learning curves are pre- 
sumably a function of the amotmt and character of the transfer 
of previous experience as well as a function of immediatdiy perd- 
nent conditions. Since many empirical curves are negadvely 
acedierated in that each additional trial adds less and less to the 
measure of response strength, we have used this form in plotting 
the sample curves. 

Frequency of the CR. This measure is very commonly used. 
Trials are plotted along the abscissa, with frequency of response 
along the ordinate. The frequency is usually in terms of 
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percentages, indicating the proportion of Ss showing CRa for a 
given trial, as determined by antidpatory responses or by test 
trials. If a considerable number of trials is given, certain trials 
may be combined, as arc trials 1-5, 6-10, 11-15, etc., plotted 
in Fig. 57a. 




57a. Mean frequency of response 
per trial. 


57I]. Mean frequency of responae 
for succesaive 5-nmi. periods. 



Suecanlva Trials Suceassive Trials 

sye. Amplitude of response. 57d. Latency of response. 

P19. S 7 * Prequently used methods of plotting the acquisition 
curve of conditioned reQionses. The values are hypothetical. 

In Procedure II situations, such as those in Skinner-box learn- 
ing, the frequency of response per unit of time is plotted. The 
greater the frequency the greater is the degree of conditioning. 
Such a curve is shofwn in Fig, 57b, The figure might also show 
days along the abscissa. Thus, if each rat were given 15 minutes 
per day in the box for 10 days, 10 units along the base line would 
represent the 10 days’ training. 
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Amplitude of CR. This measure is commonly used in eyelid 
conditioning (amount of closure) and in psychogalvanic con- 
ditioning (amount of resistance change). It was also the measure 
most persistently used by Pavlov in measuring saliva secretion. 
Thus the increase in conditioning was shown by the increase in 
the number of drops of saliva (per imit of time) occurring to the 
CS. Plotting may be done as it is in Fig. 57c. 

Latency of CR. This is another measure which is frequently 
used, in both Procedures I and II. The shorter the latency of the 
response the higher is the degree of conditioning. If a rat is taught 
to run down a straight alley, from a starting box at one end to 
the food box at the other, it is presumed that learning is shown 
by the decrease in latency between the opening of the starting 
box and the exit of the rat from that box. The learning curve in 
such an instance is shown as a decreasing frmetion of successive 
trials (Fig. 57d). 

Trials to reach a criterion. Data in these terms are often 
presented in tabular fashion. Thus E may decide that the arbitrary 
criterion of conditioning which he will use is 23 Cfis out of 25 
presentations of the CS. If two groups were treated differently, 
the variation in the speed of conditioning would be measured by 
the difference in the number of trials to reach the criterion. 

These are the usual methods of reporting the quantitative aspects 
of the conditioning process.* Most Ea agree that many responses 
are conditioned during the experiment but are not observed or 
not recorded. A rat may salivate when placed in a Skinner-box 
after having experience with food there, but the measure of 
conditioning is usually the number of times the lever is pressed, 
not the amount of saUva which flows. 

Descriptive protocols (a running account of E’a observations) 
in conditioning experiments are sometimes available. Such ob- 
servations may shed considerable light on the more strictly quanti- 
tative modifications of behavior which arc recorded. Pavlov’s 
work is rich in these descriptive protocols. Culler and his associates 
(74) have provided descriptions of the gross behavior modi- 
ftcations shown by a dog in flexion conditioning. Early in the 
training process the response to the shock is a violent struggle 

*Resutaiice to extinction has sometimes been used as a measure of condition- 
ing. Extinction is discussed in a later section of the chapter. 
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reaction of tibie “whole” dog. Gradually, as the response begins 
to antedate the shock, gross bodily movements extinguish along 
with the struggling. In the well-established avoidance response 
the dog lifts his foot from the grid at the presentation of the CS 
and very little involvement of tihe remainder of the body is 
apparent. In some excellent movies which have been made of this 
conditioning process, the final response of the dog suggests that 
be is, anthropomorphically speaking, utterly bored with the 
whole procedure, for he lazily lifts his paw at the sound of the CS. 

VABIABLES DETERMINING RATE OF CONDITIONING 

Because of the extensive number of variables which influence 
the rate of conditioning, we shall not be able to treat any of them 
exhaustively. Our purpose will be to give an understanding of 
the methods of manipulating a variable, and we shall usually do 
this by an experimental fllustradon. Most of the illustrations will 
be ftom American studies, although Pavlov may rightfully daim 
credit for the discovery of many of the variables. In examining 
these variables we shall introduce additional phenomena which 
have been discovered during work on the variable. Finally, we 
shall attempt to state the general empirical rdationship between 
a given stimulus dimension and the rate of conditioning. 

These variables we are about to take up determine the rate of 
condifioning as this is measured by one or more of the methods 
previously outlined. As used here, rate of conditioning means the 
amount of change for a constant number of trials. Thus, at the end 
of 15 trials under one condition, we may find that the CS elicits 
60 per cent CBs, while under a different condition it elicits only 
30 per cent. Rate of conditioning in the first is greater than in 
the second. Closely related to rate of conditioning is level of con- 
diHoning attained. Most conditioning curves ultimately reach 
an asymptote or limit beyond which further trials produce little 
improvement for a given set of conditions. The general relation- 
ship between rate and level is positive in that the faster the rate 
of conditioning the higher the level ultimately attained. Conse- 
quently, if we present data which show that the level of condi- 
tioning attained for a constant number of trials varied for different 
conditions, we may infer that the rate of conditioning for the 
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different conditions also varied, providing, of course, that the 
different conditions represent variations along one dimension 
only. Conversely, if we show curves for different conditions which 
have a different rate of change, we may conclude that the level 
of conditioning ultimately attained would be different irrespec- 
tive of the number of trials given. It is clearly possible, however, 
that the curves for different conditions might well reach their 
asymptotes in the same number of trials. The distinguishing 
characteristic is that the levels attained are different; hence, rate 
of change to reach the levels is different for the conditions under 
observation. 

To the variables which we shall take up we add, of course, 
Motivation (Chapter VI), and in so far as it can be applied. 
Transfer of Training (Chapter IX). These two general variables 
have already been discussed. 

Time Between CS and VSt Procedure 1 

This variable is limited to Procedure I situations since we do 
not have a discrete CS in Procedure II. It has been customary to 
give special names to various temporal relations between CS and 

175(284): 

Simultaneous CR: CS precedes and overlaps US; time between 
onset of CS and US may vary from o to 5 seconds. 

Delayed CR: CS precedes and overlaps US; time between onset 
of CS and 175 is 5 seconds or over. 

Short Trace CR: CS precedes but does not overlap US; time 
between cessation of CS and onset of US is from .1 to 5 
seconds. 

Long-Trace CR: CS precedes but does not overlap US; time 
between cessation of CS and onset of 175 is 5 seconds or over. 

Backward CR: US precedes CS and does not overlap it. 

Because so little work has been done on delayed and long- 
trace CRs, we are not going to consider them except to say that 
they are very difficult to form and usually caimot be developed 
until after a simultaneous CR or short trace CR has been established 
first (316, 317, 374). 

Simnltaneona CRs. Several studies have shown that the most 
rapid rate of conditioning takes place where the CS precedes the 
US by a short period of time, varying from .2 seconds to 1 second, 
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depending upon the particular response being conditioned. Simul- 
taneous onset of US and CS is not a favorable condition for rapid 
learning. 

The method employed in studying this variable may be illus- 
trated by Kimble’s study (rgy). Kimble conditioned the eyelid 
reflex, using six different intervals between CS and US. The CS 
was the brightening of a patch of light directly in front of 5 ; the 
US was a jet of air against the eyeball. The CS was on for 1.5 
seconds. The inter-onset intervals (interval between onset of CS 
and onset of US) for the six conditions were .1, .a, .325, .25, .35, 
and .4 seconds. As can be seen, tire CS overlaps the US for each 
condition. There were 13 Ss in the three short-interval groups and 
ten Ss in the three long-interval groups. 

Each S was given 60 trials — 60 pairings of CS and 175 — and 
records of Cfis were made photographically. As noted earlier 
there are two ways by which E may determine when Gifts occur: 
(i) by observing thoi responses which anticipate the US, and 
(s) by the use of test trials on which US is onoitted. If the time 
between CS and US is short, as was true in some of Kimble’s 
conditions, the test trial method is mandatory, since there would 
not be time for the CR to anticipate the US. Therefore, Kimble 
used the test-trial method, introducing a test after every tenth 
training trial, so that there were six such trials during 
conditioning. 

One other aspect of Kimble’s procedure should be discussed. 
Pavlov has demonstrated a form of conditioning called tmporid 
eoruRtiotting, in which no discrete CS was given, but food was 
presented to the animal at regular intervals, perhaps, at i-minute 
intervals. After this was continued for a period of time, it was 
noted that the dog began to salivate just before the end of the 
i-minute interval. Apparently, the temporal interval has acquired 
the potency of a CS, although it is likely that the true CS is some 
proce8s(es) associated with the i-minute interval. Because of this 
possibility of temporal conditioning, the interval between sue- 
cesrive trials is varied unless E is studying the temporal interval 
as a CS. Kimble varied the interval from i to 2 minutes between 
successive trials so that little p(»sibility of temporal conditioning 
existed. 

The results of Kimble’s experiment in terms of frequency 
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ofCfls given on all test trials are shown in Fig. 58. We see that 
maximum conditioning took place when ,4 second intervened 
between CS and US. Other resvdts suggest that at .4 second Kimble 
had almost reached the optimum interval and that longer intervals, 
perhaps .5 second or over, would have shown a decrease in the 
curve. 



Fio. 58. Eyelid conditioniju as a function of time between onset of CS and 
US. Data team Kimble (197). 

Short trace CRa. In trace CRs the CS does not overlap the US, 
The procedure may be illustrated by Reynolds’ study (309). The 
CS, a brief click delivered through earphones, was followed by a 
puff of air to elicit the eyelid reflex. Four intervals between cessa- 
tion of CS and onset of US were used: .25, .45, 1,15, and a.25 
seconds. For each interval a separate group of S3 was given go 
trials distributed over 4 days. An average of 1.5 minutes inter- 
vened between each trial. Since the intervals were long enough 
to allow anticipation of US by CR, this anticipation was used to 
indicate conditioning. The four learning curves plotted in terms 
of per cent CR& for each block of ten trials are shown in Fi^. 59, 
The greatest degree of conditioning took place with an interval 
of .45 seconds between CS and US, and the least condidoning 
with an interval of 2.25 seconds. 

Let us compare the differences in the methods used to plot 
Reynolds’ and Kimble’s data (Fig. 58). Kimble’s data are plotted 
in terms of total CRs on all test trials with the independent vari- 
able along the abscissa. From this graph we would infer that 
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the rate of conditioning was directly related to the total number 
of CRs, which in fact it was. On the other hand, the acquisition 
curves of Reynolds’ experiment are plotted (Fig. 59), and diifer- 
ences in rate of learning are observable directly. Differences in 
level of learning attained as a function of the independent variable 
may be determined by comparing the frequency of CRs on the last 
ten trials (81-90) for the four conditions. 



Successive Blocks of 10 Trials 

PTa. 50. Short trace CRa aa a function of interval between CS and US. Data 
from Reynolds (309). 

One additional matter concerned with eyelid conditioning 
should be briefly discussed. Grant (118) has recently discovered 
a non-leamed eyelid response to the CS when the is a light. 
This response, which Grant calls the beta response, has a latency 
of .IS to .34 second. It will occur only when the intensity of the 
light used as CJ is of a certain magnitude, and then only if S has 
been dark-adapted (119, 120). Some of the earlier studies on 
eydid conditioning may have counted these beta responses as CRs. 
'This possibility does not apply to Kimble’s study because of the 
low intensity of the CS, or to Reynolds’ study since he used a 
dick as CS, 




aONDITIONING 


357 

Backward conditioning. Backward conditioning is developed 
as a result of a training procedure by which the CS follows the US. 
A study (37a) published in 1930 gave the first purported evidence 
of backward conditioning. Using a buzzer as a G? and a light 
hammer tap below the eye as US, E studied the eyelid closure. 
Schematically this appears as follows: 

US 

(Hammer Tap) 

UR 

(Wink) 

CS 

(Buzzer) 

During training the US always precedes the CS\ hence, it was 
necessary to give test trials to detrnnine if conditioning had taken 
place. After training, 18 out of 20 Si in this experiment gave 
evidence for conditioning, i.e., they responded to CS alone. 

Some JSs, using various responses and techniques, have been 
unable to find dear-cut evidence for backward conditioning (60, 
agfi). Other jEs have found only slight evidence for backward 
conditioning (e.g., 19, 284, 365, 419, 420). The fact that some 
fs have been unable to find backward conditioning, that others 
have found only slight conditioning, and that a recently discovered 
phenomenon may account for all backward conditioning as an 
experimental artifact, leads to the condusion that tnt$ backward 
conditioning has not been demonstrated unequivocally. The phenomenon 
which may account for so-called backward conditioning is 
pseudo-conditioning. 

Pseudo-Goaditioiiing. A study by Wickens and Wickens (409) 
will demonstrate the procedure which defines pseudo-conditioning. 
Infants under ten days of age were divided into three groups, and 
treated to the following procedures; 

Group r. Buzzer {CS) followed by shock (E/S) to foot. The shock 
caused foot withdrawal. Twelve trials a day were given for three 
days. 

Group Ih Given 12 shocks a day for three days. The buzKfr was 
never sounded. 

Group IIT. Tested for response to buzzer before and after three- 
day period but never shocked. 
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At the end of the 3-diy period, all groups were given tests in 
which the buzzer alone was sounded. The results show that 5 s 
of Group II gave just as many responses (foot withdrawal) to 
the buzzer as did Group I even though the buzzer and shock had never 
been paired. That the shock is the important element in this finding 
is shown by the fact that Group III gave no responses on the 
test trials. Had these £s not used Group II they probably would 
have concluded, quite erroneously, that CRs were established in 
Group I. 

Pseudo-conditioning, we see, is the application of US alone 
for several trials and then presentation of CS which has never been 
paired with US. If this CS elicits the response produced by the 
US, pseudo-conditioning has taken place. Recently, this pheno- 
menon has been foimd by several investigators for a wide variety 
of responses in animals and men, although there is at present 
no general agreement on its interpretation. Some evidence points 
to generalization between US and CS as a possible explanation 
(41 0) but there are not enough data on this matter to permit a 
definite conclusion. 

Pseudo-conditioning has two important implications: 

1. The meager evidence which has been interpreted as proof 
of backward conditioning is very likely a demonstration of pseudo- 
conditioning which appears most readily when rather sharp or 
strong USs are used (such as shock). It is under these conditions 
that backward conditioning has been found. Unfil backward 
conditioning is demonstrated over and above pseudo-conditioning, 
we may conclude that evidence for backward conditioning is 
unconvincing. 

2. Studies have shown clearly that genuine forward condi- 
tioning takes place on a far greater scale than could be accounted 
for by pseudo-conditioning (c.g., 142). Yet, many studies of forward 
conditioning in which no control for pseudo-conditioning has been 
used may have overestimated the amount of true conditioning 
which did take place. Until it is definitely shown that pseudo- 
conditioning is a function of associative factors such as exist in 
true conditioning, it may be advisable to use a control for pseudo- 
conditioning in carrying out experiments and set apart the 
"conditioning” obtained under these conditions from the condi- 
tioning obtained under standard procedure. 
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Time Between Response and Reinforcement: Procedure II 

In Procedure II, wliich has no discrete CS, the only obviously 
pertinent time interval is that between execution of the response 
and receipt of reinforcement (reward). With animals, the data 
show that the longer the interval between response and reward 
the slower is the learning. Perin (286), for exemple, found that 
if 30 seconds intervened between pressing the lever in a Skinner- 
box and receiving the food pellet, no learning took place. Learn- 
ing was markedly retarded if the interval was 10 seconds, and 
learning was most rapid if there was no delay between response 
and reward. 

The principle that the longer the delay between response and 
reward the slower is the learning appeals to common sense. Very 
young children are likely to perform better for immediate rewards 
than for promised rewards in the distant future. Even as adults 
we do not like to contemplate too long an interval between effort 
and reward for the effort. 

There can be no doubt concerning Perm’s experimental results, 
but some question has been raised concerning their interpretation. 
We have seen how animals may get secondary reinforcement 
from a consistently present stimulus when a primary reward is 
received on successive trials (Chapter VI). If the animal is fed 
in a box several times, even though there has been a delay between 
a given response and eating, it is clearly possible that the food 
box may take on secondary reinforcing properties and obscure 
the true influence of the delay period between response and 
reward. That is, the animal may be immediately reinforced 
(secondarily) by merely entering the box in which it has been fed. 

' Perin recognized this possibility, and since he wanted to study 
the influence of primary rather than secondary reward, he modi- 
fied the Skinner-box so that the rat pressed the bar, was delayed, 
and finally ate the food aE in the same small compartment. It 
was under such conditions that learning failed to take place if the 
delay was 30 seconds between pressing the bar and getting the 
reward. Since previous studies had found that learning would take 
place if the delay was as long as 20 minutes, Perm’s results suggest 
that these previous studies must have resulted from failure to 
control secondary reward possibilities. 


St 
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Other investigators have doubted that Perin himself eliminated 
secondary reward; indeed, it seems possible that the secondary 
reward feature for all rats would be very constant — all rats were 
delayed in the same food box. Perkins (287) attempted to show 
how secondary reward value of goal boxes may influence learning 
in the delayed-reward situation. In a simple T-maze, half the rats 
were trained to make a right turn at the choice-point, and the 
other half, a left turn. The delay boxes — those in which the animals 
were held until an appropriate interval had elapsed — ^were placed 
just in front of the goal-boxes. For one group of animsds thb 
box was the same from trial to trial; for another group the box 
was interchanged with a second one so that each was used as 
the delay box half the time. The delay boxes had quite different 
interiors, which afforded the animal distinctly different cues in 
each. It is assumed that a delay box gains secondary reinforcing 
value as a result of being associated with the food which is received 
immediately upon release from the box. If the same delay box 
is used constantly, it is presumed that it will gain more secondary 
rdnforcing power than would two distinctly different boxes whidh 
were regularly interchanged. 

Perkins’ results confirm the expectation. The control group 
which used the same delay box from trial to trial learned more 
rapidly and to a higher level than did a group for which the delay 
boxes were constantly changed; but both groups learned even 
though the delay was 45 seconds. Indeed, some learning was 
shown by another group in which the delay was 120 seconds even 
though the delay boxes were changed. Thus, Perkins’ results, like 
Perm’s, show that the longer the delay the slower is the learning, 
and that some of the learning very likely can be attributed to 
secondary reinforcing properties of delay boxes. However, if 
all delay-of-reward learning is due to secondary reinforcement, 
Perkins obviously did not eliminate all secondary reinforcing 
stimuli. He suggests that these other secondary reinforcing stimuli 
may actually be the proprioceptive stimuli which occur when 
the rat makes the correct turn in the T-maze, These proprioceptive 
stimuli themselves become associated with receiving food; hence, 
when the rat makes the correct turn, the stimuli resulting from 
the movement act as secondary reinforcing agents on the response 
under consideration. 
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Grice’s experiment. Subsequent theoretical analysis by Spence 
(363) and empirical substantiation by Grice (134) tend to sup- 
port the idea that proprioceptive stimulation produced by the 
rat’s movements may become secondary reinforcing stimuli. A 
crude analogy to this hypothesized state of affairs may be found 
in the golfer who knows he has hit the ball well because of the 
“feel” of the swing and follow through. The “feel,” having been 
associated previously with direct reinforcement of watching the 
flight of the ball, has in itself gained the capacity to reinforce 
(“nice shot”). 

Grice’s conditions for testing the hypothesis were straightfon* 
ward: he (i) devised one situation in which differential proprio- 
ceptive cues were at a minimum, and (a) created another situation 
in which the proprioceptive cues resulting from making the correct 
response were markedly different from those resulting from the 
incorrect response. The first was constructed by using a simple 
black-white discrimination situation with the position of the 
black and white stimulus cues alternated from trial to trial. Going- 
to-white was the correct response but since the white stimulus cues 
were sometimes to the left and sometimes to the right, no distinctive 
proprioceptive cues could be associated with going-to-white and 
getting food. The second situation was exactly the same except 
that making the response to the white stimulus cues involved 
going up an incline, and making the response to the black stimulus 
cues required the rat to weave through two narrow offset openings. 
The hypothesis suggested that these two distinctly different 
responses would provide proprioceptive cues to differentiate 
between the right and wrong responses. 

As soon as a rat had made a response to the correct (or incorrect) 
stimulus cues, it entered the delay box. Delay time was varied, 
not by m akin g the animal stay in a delay box, but rather by 
lengthening the alley between the point at which the response was 
made to the black or white cues and the goal box. Lengthening 
the alley simply forced the rat to take a longer time to reach the 
goal. Median times actually required to reach the goal box were 
used as delay times in handling the data. 

Under these two conditions, which we find described in Grice’s 
study, the delay time was 5 seconds. In the first situation, the one 
in which cues were minimized, the median number of trials to 
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leam to a criterion of 18 correct responses out of 30 trials was 
580 trials. In the second situation, the situation in which different 
proprioceptive cues were provided, the median number of trials 
required to reach the same criterion was 395. Thus, the evidence 
indicates that proprioceptive stimuli may become associated with 
a food reward and thus serve as secondary reinforcing agents. 

This series of studies not only emphasizes that greater delay 
of reward can take place because of secondary reinforcement, 
but also shows how important the forms of secondary or symbolic 
rewards are for leamii^ even in the lower animals. The general 
principles to be particularly noted from this series are that (i) the 
longer the delay between response and reward the slower is the 
learning; and (3) the greater the elimination of secondary reinforce- 
ment cues, the more rapidly the learning rate falls off as a function 
of the delay interval. 


TABLE 22 

EyELTO CONDmONING AS A FUNCTION OF INTENSITY OF GS 


Intensity qfttme 
{decibels) 

! Mean Frequency 

Anticipatory Responses 

15 

24.3 

30 

25.5 

45 

25.7 

60 

23.6 

75 

23.5 

90 

30.1 


Data from Garter (59). 


Intensity of CS 

It might be expected that rate of conditioning would be a 
function of intensity of CS. This expectation is not substantiated by 
the data. Garter (59), using six groups of Ss, has studied this vari- 
able in human eyelid conditioning. The US was a puff of air, 
and die CS a tone of 1034 cycles, the intensity of the tone being 
the independent variable. In terms of decibels above threshold, 
the intensity of CS for the she groups was 15, 30, 45, 60, 75, and 
90. (lao decibels is approximately the threshold of pain.) After 
preliminary testing, 50 training trials were given and conditioning 
was measured by the mean frequency of responses which 
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anticipated the air puff. These data are shown in Table 92. There is 
no evidence of any consistent relationship. We may, therefore, 
conclude that according to the evidence available to date, intensity 
of CS is not an festive variable. If CS is above threshold, conditioning 
will take place. 

Complexity of CS 

Though the intensity of CS is not an effective variable, the 
complexity of CS definitely is important. By complexity of CS 
we mean the number of different components. The relationship 
will be illustrated by Miller’s study (958). 

He used the reflex eyelid response, the closure being effected 
by a US which was a slight electric shock below the eye. For 
these groups (ten Sa to a group) the CSa were: 

Group 1 : A black pointer moving on a white background and 
a simultaneous sound of changing pitch received through ear- 
phones. This is considered a compound CS. 

Group II: Sound of changing pitch only. 

Group III: Sight of moving pointer only. 

Miller presented to each group of Sa 50 paired reinforcements, 
the results of which are expressed by per cent frequency of anticipa- 
tory responses given by each group. Group I gave 81 per cent 
conditioning; Group II 45 per cent; and Group III, 23 per cent. 
The compound CS is much more efiScient than either single CS, 
and the auditory CS produces more conditioning than does the 
visual CS'. 

Miller’s data may be somewhat misleading. We see, for example, 
that level of conditioning attained with the compound CS is greater 
than that of the two single stimuli added together. The more 
probable relationship is that the level of conditioning produced 
by a compound CS is somewhat less than the arithmetic sums 
of the conditioning produced by the individual components (165). 
In Miller’s experiment visual observation of the moving-pointer 
stimulus may have had some influence on the eyelid reflex, perhaps 
an interference effect, which was greater when the pointer was 
used as CS alone than when used in combination with the pitch 
stimulus. It is sufficient for us to know that under otherwise 
comparable conditions, compound or complex CSa produce more 
rapid learning than do unitary OS's. 
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Complexity of US 

Although few studies have been concerned with this variable, 
enough data are available to show that it is an effective one. This 
is demonstrated in a study by Weber and Wendt (400), who 
investigated the eyelid reflex. Four groups of 5 s were used in a 
procedure in which the CS was always a light stimulus and the 
US was varied as follows: 

Group 1 : US was very loud sound (approximately 95 decibels). 
(A loud sound will produce eyelid closure). 

Group II: US was puff of air to eye. 

Group III; US was puff of air or loud sound, these two beic^ 
used randomly, but for the total period, equally often. 

Group IV: US was hoih an air puff and a loud sound administered 
simultaneously. 


TABLE 23 

CONDITIOINO AS A FUNOTtON OF COMPLEXITY OF US 

/ 


US 

Mean Frequeng/ 

CRs in SO Trials 

Mean Amplitude (mm) 
qf CRs in SO Trials 

Sound 

5.5 

0.3 

Puff 

16.0 

0.8 

Soimd or Puff 

16.0 

1.0 

Sound and Fuff 

28.8 

2.1 


Data ftom, Weber and Wendt (400). 


S was given fifty training trials. The results (Table 23) show 
that the greatest conditioning took place with the compound US, 
Ihc sound alone being a very ineffective US. The authors believe 
that the sound was ineffective because 5 rapidly adapts to it. 

?re-Associatioii of C5s 

In an experiment by Brogden (35) a light and a bell were pre- 
sented together to dogs for aoo trials. Following this presentation 
a conditioned flexion response was established by using a bell as 
the CS and a shock as the US. On test trials the light was pre- 
sented and it was shown that the flexion response occurred to the 
light, although the light and shock had never been paired. Ade- 
quate control groups were used in which the preliminary pairing 
of light and bell was omitted. The obtained phenomenon, called 
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sensory pre-conditioning, is a forax of transfer of training which 
obviously influences the rate at which conditioning takes place. 
In two out of three attempts, sensory pre-conditioning has been 
demonstrated with human Sk (37, 38, 187). 

This phenomenon is an important one for learning theories. 
Somehow, during the pre-training presentations of light and bell, 
the two stimuli became associated or became functionally equiva- 
lent. Any theory which assumes that learning takes place only 
by primary reinforcement (food) or by secondary reinforcing 
stimuli, has some difficulty in pointing out the reinforcement 
which was present during the aoo pre-training presentations. 

Massed vs. Distributed Training 

In reading a description of this stimulus dimension one should 
think of massed training as the situation in which trials are given 
in rapid succession with a minimum time interval between each 
trial, and distributed training as the situation in which some longer 
interval is allowed between each trial. Experiments on this variable 
have been performed in three ways. 

1. Number of trials is kept constant, but the interval between 
trials is varied. Thus E might give one group 50 training trials 
with I minute between trials, another group s minutes between 
trials, and a third, 4 minutes between trials. The exact times 
within any group, would have to be varied somewhat to prevent 
temporal conditioning. But, if there are differences in rate and 
degree of conditioning, they would be attributed to the major 
differences in distribution of the training trials. The work (number 
of trials) — ^rest ratio may, of course, be varied in many different 
ways. 

2. A criterion is established and the number of trials to reach 
the criterion determined under massed and distributed trials. 

3. The time interval is kept constant for a training period, but 
the number of triab given during the interval is varied. Thus E 
may use a 30 minute training period and give 15 trials spaced 
fairly evenly for one condition, and 30 trials during the same 
period for another condition. The results from such a procedure 
may not always be easy to evaluate, but in some cases where this 
has been used, it has been shown that a few distributed trials 
resulted in faster learning than did more massed trials (169, 309). 
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We need not take up a specific experiment. Several studies have 
shown that conditioning takes place more rapidly by distributed than 
by massed trials. In fact, in one experiment, a CR built up during 
distributed practice was eliminated if additional training trials 
were given under massed procedure (334) • 

Ratio of Reinforcement 

The US in Procedure I and the reward (or escape from punish- 
ment) in Procedure II lead to reinforcement. The general im- 
pression which one would get from all that we have said thus far 
about conditioning is that reinforcement is necessary for strength- 
ening responses elicited by a specific stimulus or by a stimulus 
complex. Later, we shall see that such an assumption is not shared 
by all psychologists. One of the reasons for this disagreement has 
been work on the variable — ratio of reinforcement. By ratio of 
reinforcement we mean the proportion of trials followed by re- 
inforcement. In the usual experiment the reinforcement occurs 
after each trial. Much of Skiimer’s work (356) illustrated experi- 
ments in which the rat did not get a food pellet each time the lever 
was pressed; instead, the rat received a food pellet only at regular 
intervab regardless of how many responses were made. Skinner 
reports that one rat maintained a high level of performance with 
a food peUet received only after each 192 presses. However, the 
full importance of such results for theoretical formulations appears 
in a series of experiments by Humphreys (168, 170, 171). These 
experiments involved the conditioning of the psychogalvanic 
response, the eyelid reflex, and a lever-pressing response. Let us 
illustrate the finding with the conditioning of the psychogalvanic 
response. 

One group of ao Ss was given 16 paired stimulations of a tone 
{CS) and a shock iJUS). The CS was presented to another group 
16 times, but only eight of these presentations were followed by 
the US, these 8 trials being distributed randomly among the 16. 
Thus, the latter group had only partial' reinforcement — ^half as 
many reinforcements as the first group. 

The results show that the conditioning at the end of 16 trials 
was approximately the same for both groups. In this case, it 
appears that a reinforcement does not necessarily strengthen the 
response; if so, why should the group with 16 reinforcements 
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not show a higher degree of learning than the group with only 
eight reinforcements? We might say that it was due to pseudo- 
conditioning, but other considerations suggest that the findings 
cannot be accounted for completely by psuedo-conditioning. 

In studies using Procedure II (in which partial reinforcement 
has been shown to be as efficacious as complete reinforcement) it 
may well be that secondary reinforcement by symbolic rewards 
accounts for the findings. Denny (79) has shown that 50 per cent 
reinforcement is just as good as 100 per cent reinforcement in 
a T-maze, providing opportunities for secondary reinforcement 
are present during the responses which are nonrcinforced by 
primary reward. If the source of secondary reinforcement is 
removed, 50 per cent reinforcement does not provide as rapid a 
rate of conditioning as does 100 per cent reinforcement. 

To date, however, the results of partial reinforcement in 
responses conditioned by Procedure I remain unexplained by those 
(the writer included, 195) who hold that the US leads to a state 
of affairs which strengthens the response it evokes. A source of 
secondary reinforcement has not been identified in the Procedure 
I situations. 

Summary 

In this section we have been quite brief in the treatment of 
some of the variables influencing conditioning. Scores of supple- 
mentary studies have not been mentioned. Yet, we have covered 
the major determining factors which cause the rate of condition- 
ing to vary, and, surely, by now the complexity of the conditioned 
response is evident. Furthermore, we appreciate something of the 
difficulty of experimental work in this area. Even control of the 
variables which have been identified is an exacting job, and it 
should always be kept in mind that some of the more complex 
problems have not been touched upon here. The extensive treat- 
ment by Hilgard and Marquis (153) should be consulted. 

So that we may not leave this section with a feeling of con- 
fusion over the influence of so many variables, let us review them 
briefly and give tentative generalizations. 

I. Time between CS and US; Procedure I, Optimum rate of con- 
ditioning occurs when CS precedes (and overlaps) US by a short 
interval, varying from .3 to i.o second for various responses. 
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а. Tim between Response and Reinforcement: Procedure II. The 
sooner the primary reward is received after the response the faster 
is the learning. 

3. Intensity of CS: This is not an effective variable. 

4. Complexity of CS: The more complex the CS the more rapid is 
the conditioning. 

5. Complexity of US: The more complex is the US the more rapid 
is &e conditioning. 

б . Pre-Associations of CSs: If one of two pre-associated stimuli 
is used as the CS, the other will provide faster conditioning than 
if it had not been associated with the first. 

7. Massed or Distributed Training: The greater the distribution 
the faster is the learning. 

8. Ratio of Reinforcement: Conditioning may take place as rapidly 
with proper partial primary reinforcement as with complete 
primary reinforcement. 

FACTORS INFLUENCING EXTINCTION 

Experimental extinction is a procedure introduced following conditioning. 
It is accomplished by presenting the CS on a series of trials without the 
US {Procedure I), or by remooing the primary reirforcement {Procedure II). 
These procedures customarily result in the gradual decrement 
in the conditioned response as determined by the various indices 
of response strength. Following Pavlov, we say that this reduc- 
tion is brought about by a form of internal inhibition. Internal 
inhibition is in contrast to external inhibition which is brought 
about by a foreign or distasting stimulus during training. Such 
a stimulus causes a sudden, temporary decrement in response to 
CS, whereas experimental extinction produces a gradual decre- 
ment in response. Extinction is not to be confused with forgetting. 
Extinction is an active ejqjerimental procedure, whereas forgetting 
of a CU is measured some time after conditioning without extinction 
intervening. 

It is quite obvious that learning is an essential process if the 
organism is to adjust to changed environmental conditions. Not 
quite so obvious, perhaps, is the importance of the adjustive 
nature of extinction. The significance of extinction has been pointed 
out by Hull; 
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As a result of the largely random flux of events in the world to which 
organisms must react, it inevitably comes about that they will often he 
stimulated by extensive groups of conditioned stimulus elements, none of 
which is causally related to the critical factor or factors in the reinforce- 
ment situation. In such cases, if the stimuli evoke the reaction it will not 
be followed by reinforcement. This, of course, is wasteful of energy and 
therefore unadaptive. The necessarily unadaptive nature of an appreciable 
portion of the habits set up by virtue of the law of reinforcement naturally 
raises the question of how organisms are able to survive under such condi- 
tions, The answer is found in the behavioral principle known as experimental 
extinction (165, pp. 958-359). 


This section treats briefly a series of factors which cause varia- 
tion in the rate at which extinction takes place. Because the influ- 
ence of some variables may be predicted by our knowledge of their 
influence on conditioning, and because the experimental method 
is clear, there will be no attempt to treat minor variables. 

Number of Training Reinforcements 

The inference is that the greater the number of reinforced 
training trials the stronger is the CR, although this is not without 
some complication as concerns partial reinforcement. However, if 
a response tendency is stronger as a consequence of greater 
number of reinforced repeti- 
tions, one would expect it to 
extinguish more slowly than 
would a weaker response. In- 
deed, we have seen (Chapter 
VI) that resistance to extinction 
is one index occasionally used 
for inferring differences in level 
of conditioning. The relation- 
ship between number of re- 
inforcements and extinction rate 
is shown by Williams (414). 

Williams used four groups of 
rats, 35 animals to a group. After prcmilinary training in the 
Skiimer-box, Group I received 5 reinforced trials; Group 11 , lo; 
Group III, 30; and Group IV, 90, Each trial consisted Af the rat’s 
pressing the lever and receiving a pellet of food. In terms of 
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Fio. 60. Extinction an a, function of 
number of training reinforcements. 
Data from Williams (414). 
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performance (time) on the first five trials, Williams could show 
that his four groups were roughly equal. 

After 34 hours, extinction took place with all groups under the 
same deprivation state. During extinction the rats receive no 
food for lever-pressing, and the arbitrary criterion of extinction 
used was no-response-during-a-5-minutc-period. The results (Fig. 
60) clearly indicate that in terms of number of trials to reahh 
extinction there is a direct relationship with number of tr aining 
reinforcements. 

Complexity of CS 

The relationship between rate of extinction and complexity of 
CS is shown in a study by Razran (301), whose technique for 
studying conditioning is unusual. It will be remembered that 
Pavlov used the salivary response as the basic response for his 
studies with dogs. Razran studied conditioned salivary responses 
in humans. Dental rolls made of cotton were inserted under the 
tongue to absorb saliva. A roll was weighed (in centigrams) before 
it was placed in the mouth and then weighed again when it 
was removed, the difference in the two measurements giving an 
index of saliva flow. At least one conditioning trial was given for 
each roll. We know that without conditioning there would be 
some increment in the weight of the dental roll. Therefore control 
periods were necessary to determine the normal saliva flow. Flow 
above this in amount (as determined by weight) was considered 
to be a function of conditioning. 

For USs Razran used various kinds of food. The CIS's were 
visual in nature, so Razran misled his Ss by telling them that the 
experiment had to do with the influence of visual fatigue on 
digestion. Gonditionii^ was customarily obtained without diffi- 
culty. 

In the experiment on complexity of CS and extinction, Razran 
used a great variety of light combinations for CSs. For extinction 
with a single GS, one of the units of the compound stimuli was 
used. In each case, of course, S was conditioned with the same CS 
used during extinction. In all instances he foimd that extinction 
was slower when the CS was complex. This is true even when 
ad^ustmenfs are made for differences in acquisition level before 
extinction. Other studies have shown the same result. 
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We may conclude that extinction will be slower with a com- 
pound CS than with a unitary GS. 

Massing vs. Distributed Extinction Trials 

We have seen that distributed training trials enhance speed of 
conditioning as compared with massed trials. Now we ask how 
the massing and distribution of extinction trials influence rate of 
extinction. The data are not conclusive on this matter, as some 
studies (with different kinds of C2is) show little difference between 
rate of extinction as a function of massing and distribution, and 
others show some evidence that massing of trials facilitates extinc- 
tion. There is no evidence that distributed extinction leads to 
faster extinction than does massed. Let us consider one study which 
in general shows that massed practice facilitates extinction. 

Rohrer (320) used a device in which a rat was trained to flip 
a bar by an upward motion of the head. When the bar was flipped, 
a pellet of food was released. However, the rat was not free but 
confined tightly in a small wire cage and stock with only its head 
protruding. Furthermore, -the cage was on a platform which 
could be moved away from the bar, and the bar in turn covered 
with a panel. By this method E could give discrete trials simply 
by moving the rat into position, recording the latency of bar- 
response, and then removing the rat to await another trial. This 
method fits neither Procedure I nor Procedure II as we have 
defined them. 

By using several groups of rats, Rohrer manipulated not only 
the massing and distribution of extinction trials, but also the 
number of training reinforcements and the number of hours of 
deprivation at the time of extinction. The latter two variables 
become important in interpreting the result of massing and distri- 
bution, but the specific conditions are not pertinent to our momen- 
tary problem. Massing of extinction trials was defined by conditions 
in which 10 seconds were allowed between trials, and distributed 
extinction by 90 seconds between trials. Extinction was arbitrarily 
said to be complete when the animal failed to hit the bar in lo 
seconds after exposure to it on two successive trials. 

The results show that with low strength of original habit (as 
defined by number of reinforcements) there was little difference 
in massing and distribution of trials, whereas with strong initial 
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response strength, massing facilitated extinction.* As we would 
expect, the groups with the strongest initial habit took the longest 
time to extinguish. The groups with longer deprivation periods at 
time of extinction also took longer to extinguish. In general, the 
results support the general conclusion that when conditions are 
such (strong response strength and strong motivation) that a 
relatively large number of trials may be expected before a response 
is extinguished, massing will hasten the extinction. This empirically 
derived generalization leads to a consideration of the nature of 
the extinction process. 

A hit of theory. Because we are to devote a special chapter to 
learning theory, we have avoided theoretical problems in consider- 
ing experiments in so far as that has been possible. However, 
theory has so tended to dictate the design of extinction experi- 
ments that it is difScult to give a rationale for the experiment 
without considering theory. Briefly, let us look at one point of 
view for which there is some evidence. 

Let us assume that when a stimulus evokes a response, an 
inhibitory state develops. If the response is reinforced, an excitatory 
state is built up. Let us assume further that the excitatory state is 
such that when the stimulus is presented again, the response will 
tend to be elicited. This means that the inhibitory state which is 
developed is less inhibitory than the excitatory state is excitatory. 
Or we might say that the unit of inhibition for a single response 
is —I, while the unit of excitation is -f-*, thus leaving a net 
effect of I in favor of the excitatory state. On successive trials the 
excitatory state gains more and more over the inhibitory state and 
we say learning is taking place.f 

Now, let us assume further that during a period of rest, both 
the inhibitory and excitatory processes dissipate — grow less — ^but 
that the dissipation of the inhibitory state is more rapid than the 

* ^hrer's mups of aniuuds were obtained by random selection. His results 
provide one of the few illustrations available wherein random selection did not 
result in equal groups of rats. Two of his groups (N = so) which were treated 
exactly alike during learning were shown to have significantly different mean 
latency in bar-hitting at the end of training. He was able to make certain adjust- 
ments in his noups oy re-grouping so that the results are probably fair estimates 
of the true iimuence of experimental conditions. 

t This is a much-simplified version of theories which have been suggested 
by various writers. The most complete form of such theory is to be found in Hull 
C»65). 
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dissipation of the excitatory state. If such is true, rest periods 
during learning should result in more rapid l ea r ning . This would 
be expected because the rapid disappearance of the inhibitory 
state would leave the positive or excitatory state relatively 
stronger. We have seen that distributed practice results in more 
rapid acquistion of CJis; hence, the theory squares well with those 
data. 

Now, let us consider what happens during extinction. During 
extinction we would have no new excitatory increments — only 
inhibitory increments. Consequently, over a scries of trials we 
would expect the inhibitory state to become more powerful than 
the excitatory, resulting, in the end, in the elimination of the CR— 
experimental extinction. If we give distributed practice during 
extinction we would predict less rapid decrement than if we give 
massed. This would be true because during the rest interval the 
inhibitory state would dissipate. Under massed trials it would 
not dissipate; hence, extinction should take place more rapidly. 
We have seen that the data do not negate the theory as applied 
to extinction, but neither are they entirely favorable. Massing of 
trials docs not always result in faster extinction. 

What might be identified widi the inhibition which develops 
during extinction? It has been suggested (z6g, 375) that when an 
organism makes a response and is not rewarded, it is, in a sense, 
punished. On subsequent occasions it should have less and less 
tendency to make that response. We may conceive of this as an 
avoidance response which grows stronger with each non-rcin- 
forced extinedon response imtil it is dominant over the approach 
response (excitatory tendency) built up during the learning trials. 
At this point, extinction should be complete, as this is the point 
where the avoidance response is stronger than the approach 
response. 

Furthermore, on the basis of such a theory, we might expect 
that anything which increases the punishment associated with 
failure to receive reward would enhance the speed of extinction. 
Mowrer (275) has guessed that if an organism has to work hard 
in making a response, the avoidance tendency buUt up will be 
greater than if the work were relatively easy. It is as though a rat 
says: “I did aU that work and what do I get” in the hard work 
situation, and in the easy : “Well, I’m not out much, even though 
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I didn’t get anything.” Fortunately, even though one can state it 
in such flagrantly anthropomorphic form, Mowrer’s hypothesis 
could be tested empirically. The idea is very straightforward: 
make the animal work hard in one case and not in another. If the 
hypothesis is tenable, extinction wfll take place more rapidly in the 
first instance. This bit of theory leads to the next variable, 

Eztinctioii as a Fnncdoa of Amonnt of Work 

Mowrer and Jones (375) trained rats in a lever-pressing device 
on which various size weights could be fixed. The heavier the 
weight the more difficult it was to push the lever and secure the 
pellet of food. Rats were trained to execute the response equally 
well for large and small weights so that at the end of training, the 

animals would respond just 
as rapidly with an 80-gram 
weight as with a 5-gram 
weight. This was a necessary 
step if different groups of ani- 
mals were to be extinguished 
with different weights. Thus, 
all animals went into the ex- 
tinction period having per- 
formed at an equal level dur- 
ing training with various size 
weights requiring different 
amounts of work. 

For extinction, the 30 rats 
were divided into three groups 
of 10 each. One group went through extinction pushing an 80- 
gram weight, a second, pushing a 43.5-gram weight, and a third, a 
5-gram weight. For three successive days the animal was placed 
in the box for ao minutes, the measure of extinction being the 
mean number of responses made under each of the three condi- 
tions. 

The results (Fig. 61) clearly support the hypothesis: the 
greater the size of the weight, the fewer are the responses made. 
It appears that a competing response — an avoidance response 
which competes with the pressing response — is established more 
rapidly the greater is the eflfort involved in making the lever- 



Fja. 61. Extinction as a function of 
the amount of work. Data from Mowrer 
and Jones (375). 
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pressing response. These results have also been confirmed by 
Solomon (360) in a jumping stand procedure wherein effort was 
manipulated by varying the distance the animal had to jump. 

The EfiEect of Punishment 

In the Mowrer-Jones study discussed above it was. inferred 
that the labor involved in pushing the lever resulted in a form of 
punishment. In a sense, the punishment, as such, is of internal 
origin. We may ask what the effects of punishment will be if that 
punishment is supplied externally by £ in the form of electric 
shock. Will extinction be hastened? 

The answer to this question is given in a aeries of studies by 
Estes (91), who used a Skinner-box situation and introduced shock 
of varying intensity and duration following different levels of 
learning. The general results of this work indicate; 

I. Punishment will immediately reduce the frequency of lever pressing, 
and as long as shock is continued the response will remain at a low 
frequency level. 

a. If punishment is given early in extinction, the rate of responding will 
be suppressed immediately, but if the shock is subsequently removed, the 
rate responding will rapidly increase and be followed by the decrease 
expected as a result of non-rcinforcement. 

In short, Estes’ work gives little evidence that punishment in 
the form of electric shock at the time of response hastens extino 
tion. The influence of punishment provided by shock is not the 
same as the punishment provided by hard labor in the Mowrer- 
Jones experiment. 


There are minor factors which to some extent determine the 
rate of extinction and the shape of the extinction curves (153). 
However, we have covered the major variables and methods used 
to study them. Undoubtedly, there are variables which have not 
been discovered. Let us summarize those which were reviewed: 

I. Numbtr of training reinforements. The greater the number of rrinforc^ 
ments during acquisition the slower is the extinction. 

3. Complexity of as. The more complex the CS the slower is the extinction. 


£5 
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3. Massing vs. Distribution. The evidence is not clear-cut, but it tends to 
support the generalization that extinction is most rapid with massed 
extinction trials. 

4. Amount of work. The greater the work required of the organism in 
msJting the response, the faster is the extinction. 

5. Ej^t of Punishment. There is no evidence that total trials to extinction 
is significantly reduced by punishment. 

As yet, little direct attention has been paid to the rdle of 
secondary reinforcement by symbolic reward in extinction. Any 
CS or CS complex takes on secondary reinforcing properties so 
that extinction actually consists of removal of reinforcing proper- 
ties of symbolic rewards. The more we know about the r6le of 
symbolic reinforcement the more we will know about extinction. 


OTHER PHENOMENA 


Spontaneous Recovery and Disinliibition 

If a period of time is allowed to elapse following extinction and 
the CS is presented again, the response previously extinguished 
will have recovered a certain amount of response strength. This 
recovery defines the phenomenon of spontaneous recovery. Few 

American investigators have 
found that the response will 
recover to its former strength, 
though possibly not enough 
time has been allowed to 
elapse. 

Let us illustrate the general 
relationship between sponta- 
neous recovery and the pas- 
sage of time as determined 
by Ellson (89). Each of four 
groups of rats used in a 
Skinne^-box situation was given 30 reinforcements and then 
extinguished. Spontaneous recovery was measured after various 
intervals of time in terms of number of trials to extinguish the 
second time, the criterion of extinction being a period of five 
minutes without a response. The first extinction required an aver- 
age of 50 trials. The second extinction took place after 5.5 minutes 



S.5 25 65 . 185 

Tims (Min.) Bitwien First md Sscond Extinction 

Fia. 6a. Spontaneous recovery as a 
fiinction of time following extinction. 
Data from Ellson (89). 
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for one group, 25 minutes for another, 65 minutes for a third, and 
185 minutes for the fourth. If a response recovers as a fonction of 
time, the longer the interval the greater should be the number of 
trials required for the second extinction. The results show that 
this is true (Fig. 62). 

Spontaneous recovery and successive extinctions. Follow- 
ing spontaneous recovery E may again extinguish a response, once 
more allow recovery, extinguish again, and so forth. It is believed 
that only by such successive extinctions can a response be com- 
pletely eliminated from an organism’s repertoire of responses, 
though this has not been established. Some data have shown that 
each successive extinction takes place more rapidly as a function 
of previous extinctions, but we do not know whether it is due to 
the fact that extinction takes place more rapidly or whether it is 
because spontaneous recovery is less and less with each successive 
extinction. It is possible that if a response were allowed to recover 
completely after each extinction, all successive extinctions would 
take the same length of time. As yet we do not know the recovery 
properties of a response as a function of the number of extinc- 
tions, although it is highly probable that there is less and less 
recovery following successive extinctions. 

Disinhibitiou. A phenomenon which must be related to spon- 
taneous recovery is disinhibitiion. The operation necessary to 
demonstrate disinhibition is the presentation of a foreign stimulus, 
e.g., a raucous buzzer, during or immediately after extinction. 
Following this foreign stimulus, the CS is presented. If the sup- 
posedly extinguished response occurs at greater strength than was 
manifested just before the presentation of the foreign stimulus, 
disinhibition has been demonstrated. 

In one study (373) a loud buzzer was sounded immediately 
following near-complete extinction of a psychogalvanic response. 
Then the CS was presented; the CR recovered nearly two-thirds 
of its former strength. The enhancement of response is short- 
lived, lasting only a few trials if the CS continues to be presented 
without the US. 

Both spontaneous recovery and disinhibition represent a facili- 
tation of the CR following extinction. Much less work has been 
performed on these phenomena than on acquisition and extinc- 
tion. The most generally accepted theoretical interpretation of 
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spontaneous recovery posits an inhibitory process (as we have 
previously discussed) built up during learning which dissipates with 
the passage of time, thus leaving the excitatory state relatively 
stronger. The same inhibition is presumed to be “knocked out” 
in some fashion by the foreign stimulus which produces disinhibi- 
tion; the foreign stimulus inhibits the inhibition. 

HiglieivOrder Gonditioising 

In higher-order conditioning a CS serves functionally as the US 
for the conditioning of the CR to a, new CS. Diagranunatically 
this procedure may be shown as follows: 


First-Order CR .' Bell {CS) 


Meat Powder 

m 

UR (salivation) 

After several pairings the bell will evoke salivation, and a simple or 
first-order CR is said to have been formed. Then the following 
pairing is used to develop the second-order CR: 


Buzzer (CS). 


N 

UR (salivation) 


The bell, by virtue of its previous association with salivation, wiU 
evoke the salivary response in the second-order CR so that after 
several pairings the buzzer will evoke the CR. 

Occasionally, in establishing these higher-order CRs it is neces- 
sary to provide additional primary reinforcement. This would be 
expected, since it is clear that in higher-order conditioning we 
are dealing with secondary reinforcement through symbolic 
rewards, and the secondary reinforcing properties themselves may 
be extinguished gradually. 

American investigators have been able to establish as many as 
five orders of CRa, Culler and his associates have done much of 
the work. An experiment by Brogden and Culler (39) is repre- 
sentative. Using foreleg flexion in dogs, they established the first 
order CR to & tone as CS. The US was a shock to the paw, but 
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after the response was established the shock was transferred to 
the thorax. It has been found that once the response has been 
established by shock to the paw, it may be perpetuated by a shock 
on other portions of the body. This is sometimes called heterogeneous 
reinforcement (153). 

To establish the second-order CR a light was used as the new 
GS and the tone used to elicit leg flexion. Two additional orders 
were established so that the four orders were: 



CS 

VS 

First order 

tone 

shock 

Second order 

Kght 

tone 

Third order 

bdl 

light 

Fourth order 

electric fan 

beU 


The Es occasionally found it necessary to go back to primary 
reinforcement by administering the shock to the thorax following 
the use of the tone as CS, i.e., they went back to first-order con- 
ditioning. These Es found it progressively easier to establish the 
response as the order became higher, although it may well be that 
the animal reached a point where it responded to everything. 
Twenty-five trials were given each day, and the response was 
said to be learned when S made 23 responses out of 25 presenta- 
tions of CS. The results (Table 24) clearly show that each silc- 
cessive CR was established more readily than the order preceding. 


TABLE 24 

Tratnino Time for Hioher-Oroer CRb 


Aniwals 

Days 

1st order 

2nd order 

Srd order 

4th order 

A 

28 

18 

5 

3 

B 

25 

19 

6 

3 

C 

46 

22 

4 

3 


Data &om Brogden and Culler (39). 


Mediated Conditioning 

Mediated conditioning may be considered a form of transfer 
of training. The phenomenon wU be illustrated by Graham’s' 
study (116). Hindleg flexion was established to a buzzer as CS, 
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and the inevitable shock was used for the US. Then, the shock to 
the hindleg was used as CS in order to establish foreleg flexion, 
with the shock administered to the foreleg as US. On test trials 
the buzzer was sounded. All four dogs used responded to the 
buzzer by flexing the foreleg, although the buzzer had never 
been used in direct association with foreleg flexion. Somehow, 
the conditioning of foreleg flexion to hindleg shock (after hindleg 
flexion had been established as a CR to the buzzer) served as a 
medium for bringing about the foreleg flexion to buzzer. Control 
animals were used so that pseudo-conditioning was ruled out, and 
it could be shown that either stage of conditioning alone was not 
enough to produce the results obtained with the experimental 
animals. 

Mediated conditioning has some similarity to sensory pre- 
conditioning discussed earlier in the chapter. No explanations of 
these phenomena have been generally accepted; both pose difficult 
problems for learning theory. 


CONCLUDING CONSIDERATIONS 

Even in the brief survey of experimental procedures and results 
which has been presented here, few students can fail to grasp 
the complexity of the conditions which influence the allbgedly 
simple conditioned response. It is certainly a gross euphemism 
to speak of the conditioned response as a simple, elementaristic 
unit of behavior. "Yet, the various points of view concerning the 
“true” position which the conditioned response holds in the 
field of psychology are varied enough to make this systematic 
problem one which will plag^ue any student who takes the matter 
seriously. We need to point out a few general guides to aid his 
thinking. 

One error often made is to think of the conditioned response 
as a phenomenon totally divorced from other learning phenomena. 
This is, no doubt, to some extent caused by textbook writers who 
put the “conditioned response” in one chapter and “learning” 
in another. The modification of behavior shown by a salivating 
dog satisfies all the requirements of learning just as does the 
modification of behavior shown by a college sophomore when 
he finally recognizes the use of a standard deviation. We should 
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speak of “learning,” not "conditioning and learning.” In 'terms 
of the basic behavioral observations, “simple” conditioning belongs 
on the sanae dimension with the more "complex" learning which 
we will consider in the next chapters. 

Students sometimes fall into the error of thinkin g that because 
most conditioning, studies have been performed on animals or on 
involuntary and semi-involuntary responses in humans, the phe- 
nomenon must be very inconsequential for human behavior. Such 
a conclusion cannot be drawn — at least not on such a premise. 
“Real” emotions are difficult to produce in the laboratory; yet, 
few will deny their reality and importance in the lives of most of 
us. The fact seems to be that we don’t know how much of our 
mature, “important” behavior has been formed under conditions 
which are counterparts of the conditioning paradigms. A little 
thinking on this matter will provide an almost endless list of pos- 
sibilities. It is difficult, of course, to demonstrate that Edison’s 
inventions came about because of a certain set of conditioned 
responses he had formed or that Shakespeare was able to produce 
Hamlet and The Tempest because of favorable conditioned responses 
which his environment produced. It is also difficult to produce 
Shakespeares and Edisons in the laboratory. We need take neither 
the extreme stand that maintains human adult behavior is a mere 
concatenation of conditioned responses; nor the other extreme 
point of view which holds that conditioned responses have no 
place in life outside the laboratory. 

Experimental psychology must be analytical if eifective variables 
and the function and interrelation of those variables are to be 
discovered. These analyses may be made at different levels of 
situational complexity. The conditioned response has been studied 
in what is believed to be the near lower limit of this situational 
complexity, namely, the analyses of the modification of simple 
responses to simple environmental changes. This is true only as 
long as we recognize the relativity of the term "simple” since, as 
we have pointed out, there is nothing absolutely simple about the 
conditioned response situation. It only appears to be simple when 
compared with situations in which a person memorizes the wing 
span of ten enemy planes, a situation which in turn appears to 
be simple compared vrith one in which a person learns to fly 
an airplane, which in turn appears to be simple as compared with 
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a situation in which a person designs a new airplane engine, and 
so forth. 

In more advanced courses and reading the student will find that 
some psychologists believe that most of the basic laws of behavior' 
modification can be deduced from the principles of conditioning. 
He will discover that some psychologists use a few basic principles 
of the conditioned response in explaining abnormal as well as 
normal behavior at all levels of complexity. He will discover that 
there are those who eschew the study of the conditioned response 
as being no more than an interesting laboratory phenomenon, 
largely without significance for adult activity. There are honest 
differences of opinion concerning the place of conditioning in 
psychology. These differences, in the writer’s opinion, have come 
about largely because of basic differences in orientation or belief 
as to the level of situational complexity with which psychological 
study should begin. The student will find it almost imperative to 
suspend judgment of these points of view imtil an elaboration of 
them is possible in advanced courses. 

From the material covered in this chapter the student should 
gain an elementary grasp of the experimental procedures used in 
studying conditioned responses and an ability to recognize that 
experimental finesse is a prerequisite to satisfactory science in 
even a “simple” situation. Regardless of the degree of complexity 
of the subject matter, the basic code of experimental conduct does 
not change. 

SUMMARY 

1. Conditioning is a group of techniques used to study learning. 
In the typical case, conditioning involves the acquisition of a rela- 
tively discrete response to a relatively discrete stimulus, 

2. We have considered two general classes of procedure which 
are distinguished by {a) the discreteness of the conditioned stimulus, 
{b) the source of the response, (e) and the degree of physical 
freedom. 

3. Four measures of conditioning have been commonly used: 
(a) latency, {b) frequency, (c) amplitude, (<f) trials to attain a 
pven level. 

4. Eight major variables concerning the rate and degree of 
conditioning have been illustrated: (a) time between US and CS; 
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(b) time between response and reward; (c) intensity of CS; (rf) 
complexity of CS; («) complexity of US; (/) pre-associations of 
CSs; ig) massed vs, distributed training; (h) ratio of reinforce- 
ment. 

5 . Five major variables concerned with rate of extinction have 
been illustrated: {a) number of training reinforcements; (4) com- 
plexity of CS; (e) massing vs. distribution of trials; (d) amount 
of work; (<) punishment. 

6 . Other phenomena briefly discussed were: (a) spontaneous 
recovery; (4) disinhibition; (c) higher-order conditioning; (d) 
mediate conditioning. 

In terms of a dimension of situational complexity, conditioning 
procedures define the least complex end of the dimension. In the 
next chapters we move up the dimension to the more complex 
situations in which learning is studied. 



CHAPTER XII 


Learning II — Multiple-Response Learning 


INTRODUCTION 

The previous chapter was largely concerned with unitary 
response associations — a single response associated with a more 
or less discrete stimulus. We considered methods of studying 
variables which influence the speed of the lever-pressing response, 
latency in leaving a starting box, frequency of lifting the forepaw 
at the sound of a buzzer, amplitude of eyelid closure to a tone, 
and so forth. The current chapter proceeds to a study of learning 
as it takes place in a more complex situation: namely, the situation 
in which a series of responses is combined or integrated into a 
patterned behavior sequence. In many cases it will be seen that 
this pattern consists of m integration of a series of discrete responses to 
discrete stimuli. 

We are well aware that classifications made for purposes of 
study are not rigid. Perhaps the lever-pressing of the rat involves 
more than a simple “press” ; almost certainly escape from a problem 
box constitutes behavior which can be called patterned behavior; 
the flexion response in the dog is, without question, not a simple 
muscle twitch. Yet, by and large, as compared with conditioning, 
we move up the dimension of task complexity from the less complex 
to the more complex when we study the integration of a series of 
responses. 

A dimension of complexity may be related loosely to difiiculty 
of learning. By most standards of evaluating difficulty, we would 
say that memorizing a passage of poetry is more difficult than 
acquiring a conditioned psychogalvanic response. Learning poetry 
requires voluntary effort on «S“s part which is in contrast to what 
he does under the human conditioning procedure. Conditioned 
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responses of a primitive nature have been established in animals 
in which the higher brain centers have previously been severed 
from the lower centers which still function, and we have what 
is called spinal conditioning. It is diflScult to conceive of a "spinal” 
John Doe memorizing a passage from Shakespeare, In a limited 
sense, then, complexity of task is related to difficulty of learning. 

Rote learning. We often find the label rots learning applied to 
paired-associate or serial-type learning. The label implies a 
“dehumanized,” and perhaps low-level form of learning. However, 
for mastering many tasks, it appears to be fairly efficient. New 
symbol series, foreign language and technical vocabularies, codes, 
and so on, can be rapidly acquired by rote learning. Although we 
might wish to think otherwise, this form of learning, to which 
this chapter is in part devoted, seems to be an essential core of the 
skills required in our schools. The mastery of many symbol systems 
by this method allows these symbols to become efficient aids to 
thinking and reasoning. 

Plan of the chapter. The outline of the current chapter is 
similar to the preceding ones: 

I. Tasks and procedures defining multiple-response learning 

3. Methods of response measurement < 

3. Variables influencing rate of multiple-response learning 

4. Special phenomena of serial learning 

5. Maze learning 

6. Concluding considerations 


TASKS AND PROCEDURES DEFINING 
MULTIPLE-RESPONSE LEARNING 

Within the scope of this chapter we will consider learning 
tasks which may be roughly distinguished from each other on 
the basis of the amount of overt activity required by the task. 
Thus, the memorization of a poem involves less overt motor 
response than does tracing a maze or kicking a football. The learn- 
ing of verbal associations is considered to be near the lower end 
of a dimension defined as degree of overt response involvement, 
whereas tasks with a great deal of motor involvement are placed 
toward the other end of the dimension. There are many tasks 
which one would place between these extremes. Such tasks as 
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maze learning, typing, and code learning, show less motor involve* 
meat than does, let us say, swimming, but they show more than 
does verbal learning. We shall use this dimension as a basis for 
reviewing systematically materials and tasks which have been used 
rather frequently in experiments. Let us first discuss verbal tasks as 
representative of the lower end of the dimension. 

Verbal Tasks 

Any sort' of written or spoken symbol may be employed in a 
learning experiment. It has become customary, however, to use 
certain classes of materials, and this custom has allowed some 
continuity from experiment to experiment, a state of affairs which 
is highly desirable for the integration of experimental results (253). 
We shall list the two major classes of material separately. 

1. Nonsense syllables. We are already familiar with this form 
of material (Chapter IX). The original use of nonsense syllables 
was premised on the belief that they allowed learning to start at 
a point closer to zero than did more meaningful material. Another 
belief was that the variability of performance among Ss would 
be reduced by using nonsense -syllables. Whether these assump- 
tions arc true or not is of small consequence in current research. 
The use of nonsense syllables persists because they are easily 
manipulated and controlled and actually form the basic material 
for investigating the effect of meaningfulness on learning. The 
learning of nonsense syllables probably requires no essentially 
different skill than does the learning of mathematical formulae, 
foreign language vocabularies, or the abbreviations for names of 
government bureaus. Facts based on nonsense-syllable learning can 
be applied to other situations. 

s. Meaningful snaterisd. A great variety of meaningful material 
has been used, including lists of adjectives, nouns, and three-letter 
words of all parts of speech. Prose passages, poetry, and oriental 
language characters have been employed to some extent, although 
adequate control and analysis of such material is not easily 
accomplished. 

Serial and paired-associate learning. We became somewhat 
frmiliar with these two distinct methods of presenting material in 
Chapter IX. As a brief review, let us put samples of the two 
methods in schematic form. 
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fmred AssoeioUs Serial 


vacant -»-narrow vacant 

benign -^senior naiTow 

I 

discreet -»-brittle benign 

pensive ->hardy senior 

etc. ' etc. 


Note that in paired-associate learning the associations are “hori- 
zontal,” whereas in serial learning they are "vertical.” If paired 
associates are presented in different orders on successive trials, as 
is the common practice, no associations between pairs (vertical 
associations) are likely to be formed. On the other hand, an item 
in a serial list is first a response to a stimulus and then a stimulus 
to another response. Narrow is the response to the stimulus vacant, 
and narrow is the stimulus to the response benign.* 

Methods of presenting verbal material. There are several 
ways by which verbal material may be presented to S. 

I. Memory drum. This is the standard procedure used in most 
experiments (see Chapter IX). 

9. Card system. For less exact work, E may type words on cards 
and present them successively to 5 at regular intervals, the intervals 
being indicated by a metronome or some other timing device. 
This method is well adapted for use in group laboratory 
work. 

3 . Projection. Some JSs have used projectors to present material 
to a group of 5s. The material may be printed on slides or strip 
films. This method allows for rapid collection of data from many 
5s, but restricts the nature of the material which can be used and 
the responses which can be measured. The use of the memory 
drum with individual 5s is a laborious procedure, but for careful 
study of the learning process, and for securing complete records 
of errors and other observations, it has advantages which more 
than compensate for the labor. Over-all trends can be obtained 
nicely from group experiments, but for specific analyses the 

* In serial learning the list is often preceded by a neutral symbol whl(^ la 
used as a cue for the first word in the lut. This, in a sense, maltM the fint item 
functional since without the neutral symbol this fitat item would be used only 
as a stimulus for the second item. 
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memory drum technique, or at least the individual-*? technique, 
is mandatory. 

4. Complete presentation. Althor^h used infrequently in recent 
years, this method is required for certain materials. The method 
of complete presentation using a list of nonsense syllables consists 
in giving S the entire list at once and allowing him a limited 
amount of time to study it. E then requests S to recall as many as 
possible and afterwards allows him another study period. This 
method is required for prose and poetry and other connected 
material to which the memory-drum technique cannot be adapted. 

Maze Learning: Verbal-Motor 

We now move up the dimension of motor activity. Maze learn- 
ing, while actually placing less emphasis on the motor aspects of 
performance than is customarily believed, may be thought of as 
involving greater motor activity than does the usual verbal learn- 
ing task. Mazes are of various kinds. 

I. Stylus maze. In the stylus maze a path is cut into or indented 
in a base and the blindfolded S trat;es the pattern with a pencil or 
special pencil-like rod called a stylxis. Two or more alternative 
paths arc present at each choice point, only one of which is correct, 
i.e., will lead to the next choice point. The pattern may be cut 
through the base so that the actual tracings can be recorded on 
paper inserted under the maze. Metal plates (blind alleys) in 
circuit with counters may also be used to record the time spent 
in blind alleys or number of errors made. 

9. Raised or finger maze. In this maze the index finger is used 
as the tracing instrument for a pattern which is raised or placed 
on top of a board base. The path is usually constructed of wire 
or small metal tubing. 

The important factor in constructing the stylus and finger 
mazes is that the path be homogeneous throughout as far as feel 
or touch is concerned. This avoids the possibility that localized 
cues may influence the learning. The blind alleys in the finger or 
stylus maze may be of any number or length, but certain rather 
standardized forms have evolved, the most prominent being the 
multiple-U and the multiple-T patterns. In these mazes S has only 
two alternatives at each choice point, one alternative being ri^ht, 
the other wrong. Such mazes are shown in Fig. 63. 
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Fio. 63. Two common maze types. 

3. Multiple-choice type mazes. There are several forms of 
this maze, but the most common is called the punchboard maze. 
Many rows of holes are bored in a large plaque which is placed 
before S. He is told that one hole in each row is correct and that 
he is to discover it by inserting a stylus into the various holes 
until some signal is given indicating correctness. When he inserts 
the stylus in incorrect holes, a red light automatically turns on, and 
when he puts it into the correct hole, a green light comes on. S 
continues through the series of rows, discovering in each case 
which hole is correct. Successive trials are given until S is able to 
go through the series without error. We may schematize a sample 
punchboard maze by letting O represent the five holes in a row, 
and X the correct hole: 


Row 1 
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® 

0 

Row 2 
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Row 3 
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Row 4 
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Row 5 
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0 
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® 


4. Animal mazes. In studies of rat learning, the multiple-U, 
multiple-T, or multiple-Y mazes have been used extensively, but 
since many mazes have been constructed to test specific hypotheses 
concerning the learning process, there have been scores of 
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different patterns. One need only leaf through a book largely 
devoted to animal learning in order to recognize that thousands 
of board feet of lumber have been nailed together in many different 
forms to test this or that hypothesis concerning learning. 

Rat mazes may be of the enclosed-alley type in which the 
bottom and' two sides are formed of boards with wire mesh for 
a top. Or, they may be elevated, in which case a single narrow 
board forms the path and is raised far enough off the floor to 
discourage the rat from jumping down. A third type is the water- 
maze, with which we are already familiar. 

Maze learning has certain similarities to serial verbal learning, 
since a series of stimulus-response sequences must be integrated 
into a large pattern. Unlike serial verbal learning, however, maze 
learning involves discovery of the correct responses. In serial verbal 
learning S has only to fixate the correct response to a given stimulus, 
he does not need to discover what that correct response is. How- 
ever, a few verbal discrimination experiments have been per- 
formed in which E simultaneously presents S with two or more 
words and tells him that only one of the words is correct. Within 
each of the several groups of such words S must discover the 
correct response. E must of course tell S when a choice is right or 
wrong; thus, the procedure becomes very much like punchboard 
maze learning. 

Many tasks in addition to mazes have been used for the study of 
learning, tasks in which the skills may be said to be neither highly 
motor nor highly non-motor. None of these is used with sufficient 
frequency to be considered a standardized laboratory task. 

Motor Tasks 

Probably the only standardized device for studying motor 
learning is the pursuit rotor. In consists of a circular bakelite turn- 
table very muc^ like that of a phonograph. A small metal target 
disc about the size of a dime is imbedded an inch or two from 
the outside edge, so that its surface is flush with the surface of 
the turntable. The disc will, of course, move in a circular path 
when the turntable moves.' S' is asked to keep a metal stylus on 
the target, a ta^ which is more difficult than it may appear since 
the stylus is jointed so that it must be held lightly on the target. 
When the stylus touches the disc an electrical circuit is 
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completed, thus activating a timer. The score is usually the number 
of seconds on target for a given interval of time (such as i minute), 
each interval being counted as a trial. S may alternately practice 
I minute and rest i minute. In some laboratories dual units have 
been constructed so that 2 Sa may be run simultaneously, with 
all starting and stopping of the rotors, as well as the scoring, being 
done automatically. 

It will be noted that pursuit rotor learning does not actually 
constitute the learning of a series of responses to a scries of discrete 
stimuli, as has been the case in tasks discussed just previously. 
There are part components in the task, although they are difficult 
to analyze into separate elements. Most motor tasks involve a 
series of codrdinated movements which similarly arc not easily 
analyzed. 

METHODS OF RESPONSE MEASUREMENT 

Performance is measured in many ways in multiple response 
learning, but these revolve around three primary methods with 
which we are already familiar: (i) mastery level after a given 
number of trials or for a given length of time; (2) number of 
trials or amount of time required to reach a given criterion of 
mastery set by E; (3) error reduction. 

Learning Curves 

In the previous chapter there were several illustrations of learning 
curves derived from conditioning procedures. In the typical learn- 
ing experiment, response measures are recorded constantly so that 
any change in response acquisition may be seen from curves based 
on trial by tried records. Again we should mention that the shape 
of learning curves is a function of the conditions of the experiment 
as well as the transfer of learning from similar situations. So far 
as is known, there is no one learning curve — ^no "pure” curve, 
although in actual practice the negatively accelerated learning 
curve is most often found. 

Learnii^ carves for constant number of trials. When 
plotting a learning curve from data obtained by giving all S» the 
same number of trials, or the same intervals of practice, there is no 
problem. Since we have a constant number of trials or constant 
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time, we merely average all scores for each successive trial or 
for each unit of time. These means give the best estimate of per- 
formance of the whole group at successive stages in learning. 
Since we shall have illustrations of learning curves for laboratory 
tasks later in the chapter, let us olKerve a curve for a non-laboratory 
task. Ghiselli and Brown (105) tallied the number of accidents 
of 60 street car motormen for the first 17 months that the 
motormen worked. The training time these men obtained before 



Succeulve Periods of two Months Each 

Pio. 64. Learning as measured by reduction in number of accidents attributed 
to 60 street car motormen. ^timated from Ghiselli and Brown (105). 

Starting on regular runs was never over one month and in most 
cases, only two or three weeks. The 60 men started work at 
various times during a 6-month period so that accidents which 
were a function of seasonal variations in traffic should have been 
fairly equally distributed over the 17-month period. Only a small 
portion of the reduction in accident rate is presumed to be due 
to improvement in motor skill as such. More important is the 
development of abilities to judge speed and distance, and to 
perfonn under stress. 

The mean number of monthly accidents for the 60 “Ss" for the 
first 16 months of their regular runs is shown in Fig, 64. We have 
combined the frequency for successive 2-month periods. The curve 
has the customary negative slope. 

In some instances the learning process may not be truly reflected 
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in the curve obtained by averaging scores for each trial. For 
example, let us suppose iS is to learn a list of ten serial adjectives 
and we allot a constant nmnber of trials, say 30, for learning it. 
Now suppose it turned out that by the end of 10 trials all Ss have 
learned the list so they can say it correctly and for the next 10 
trials they only repeat the list time after time. When we average 
Ss’ scores for trials ii to 20, we would get a straight horizontal 
line, plotting successive trials against mean correct responses. In 
short, our graph might indicate that no learning had taken place 
on the last 10 trials, because there was a “ceiling” on the method 
of measuring the learning. Such a curve would not reflect the 
true state of affairs for those last 10 trials. Actually, the response 
strengths were almost certainly enhanced considerably by these 
10 trials, a fact we could determine by giving retention tests. 
Therefore, in the event that we have a time or trial criterion, and 
any one S reaches apparent perfection of performance before the 
end of training, the curve of average scores will not adequately 
reflect the degree of learning. 

Learning enrves for mastery criterion. When performance 
has been measured in terms of number of trials or time to reach a 
criterion, some difliculty is encountered in plotting a learning 
curve. If we average the scores for each trial, we shall find that 
the fast learners soon drop out of the averages. As each S is elhni- 
nated (because we have no scores for him beyond his criterion 
trial), the N becomes smaller and smaller until for the last measure 
only one S may be involved. Obviously, by such a method, we 
should get a distorted picture of the relationship between trials 
and degree of learning. Some graphic way is needed to make 
the learning period equal for all 5 s; the fast learners’ records must 
be stretched over a longer period of time and the period of the slow 
learners contracted. 

Two methods for doing this have been worked out. One of 
them, the Vincent-Kjerstad method (150, 25a), divides the total 
learning period into tenths, regardless of the length of the total 
period. By this method, each S is represented in each tenth, and 
the means for successive tenths give the picture of the learning 
function. As this technique involves considerable labor, another 
method, the trials-to-criteria method, is preferred. The computa- 
tional labor involved in the trials-to-criteria method is somewhat 
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less than in the Vincent-Kjerstad method, and for most purposes 
the resultant curve is quite satisfactory. 

In using the trials-to-criteria technique, one transformation 
from the raw scores must be made before the means for a group 
of Ss are determined. Arbitrarily we set up successive perform- 
ance levels and determine the number of trials (or time) it has 
taken each S to reach each performance level. Since all Sa learn to 
a given final criterion, all & will be represented at each perform- 
ance level on the way to that criterion. 

Let us illustrate the method by using data gathered by the 
author. Ss learned a paired-associate list. There were ten pairs 
of adjectives in a list and each S learned to a criterion of one 
perfect trial, i.e., until he responded correctly to all the fiirst mem- 
bers of the pairs on a single trial. The data for lo Sa are shown in 
terms of the number of correct responses given on each trial until 
the criterion was reached; 
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Since the first trial is always a study trial, all Ss have zero. One 
notes that there is considerable variation from S to S in terms of 
number of trials to learn the list to one perfect recitation. This 
is true even though these iSs were well-practiced and were from 
a fairly homogeneous population. The individual scores show 
considerable irregularity from trial to trial and plateaus (periods of 
no apparent progress) are evident. For example, subject 0 scored 
eight correct on trial 4, but not until trial 10 did he show im- 
provement beyond this. 

From these raw data we make the transformation. Arbitrarily, 
we set up successive criteria which are the same for all ■S's, the 
criteria being one correct response, two correct responses, three 
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correct responses, and so on. To make a transformation we ask: 
“How many trials did it take S to reach one correct response? 
How many trials did it take him to reach two correct responses?” 
and so forth. Our successive criteria thus become one through 
ten correct responses, and we determine for each S the number 
of trials required to reach each criterion. For the 10 5 's this would 


be as follows: 
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Let us follow the first S all the way through this transforma- 
tion. How many trials did it take S to get one correct respome? 
The raw data show that he got one correct on the second trial so 
a two is entered. How many trials were required to get two cor- 
rect? The data show he got two correct on the third trial. How 
many to get three correct? On the fourth trial he got four cor- 
rect, so he also got three correct; consequently, we say that he 
got both three correct and four correct on trial four and an entry 
of four is made for successive criteria three and four. On the fifth 
trial we see that he got seven correct. This means, in terms of 
successive criteria, that he got 5, 6, and 7 correct on the fifth trial; 
a five is entered for these three criteria. To get eight correct it 
took iS" 7 trials; to get nine and ten correct it took 8 trials. In a 
similar fashion, other scores were derived for all other Ss so that 
each S is respresented at each stage of learning, where successive 
stages are defined as successive criteria, The means of the columns 
give the points for plotting the curve. 

This curve has been plotted in two ways in Fig. 65. In the 
upper curve the successive criteria (independent variable) are 
placed along the abscissa and the mean trials to reach those criteria 
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(dependent variable) along the ordinate. This is the customary 
way to plot, i.e., with the variable measure along the ordinate. 
Note, however, that plotting in this fashion yields a positively 
accelerated curve which we know is not characteristic of the 




Maan Trials to Roach Suceaasiva Criteria 
Fio. 65. Two methods of plotting trials-to-criteria learning data. 

learning process. The curve as plotted indicates that on the average 
it took more and more trials to reach each successive criterion, 
which actually implies negative acceleration. The familiar picture 
of negative acceleration, however, is not given unless the axes 
are reversed as in the lower graph. Here, the trials to reach the 
criteria are placed along the abscissa and the successive criteria 
along the ordinate, thus yielding a negatively accelerated curve. 
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Both curves, of course, are accurate, and in actual practice both 
methods of plotting have been used. 

The curves of Fig. 65 are somewhat irregular because of the 
small number of Sa involved. Also, they show that on the average 
it took more trials to go from a criterion of eight correct responses 
to a criterion of nine, than it did from nine to ten. This is atypical 
and would reverse itself with a larger number of cases. 



Successive Fights 

Pig. 66 . The learning of elevator control in flying an aimlane. The dotted line 
indicates proper control Estimated from Kellogg (191)* 

Individual learning curves. Many tasks, especially those of a 
motor nature may require many practice periods before a high 
level of performance is reached. If these tasks are such that dis- 
crete parts of the performance may be measured separately, it is 
often worthwhile to plot learning curves for each part for a single 
S. By doing this, a study can be made of the sources of difficulty 
in learning the task. During World War II great interest was 
focused on skills required to fly an airplane, and attempts were 
made to measure objecrively the movements of the ailerons, 
elavator, and rudder independently. If the correct movement of 
these controls could be compared with the movements actually 
made by a student, the direction and extent of error could be 
plotted from flight to flight. 

A device for measuring the actual extent of control movement, 
developed at Indiana University, was used by Kellogg (tgi) to 
study the progress of learning of student pilots. The learning 
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curve for elevator control for one S is shown in Fig, 66. F. ach 
point represents 10 minutes of recording of elevator movements 
while S was flying over a standard course which included four 
left turns and three right turns. The correct movements of the 
elevator were determined by recording these movements as a 
sMlled pilot flew over the same course and under the same weather 
conditions as those under which the student had flown. Dividing 
the mean extent of elevator movement of the student by that of 
the skilled pilot, gave an index of error. Thus, a ratio of i.o would 
indicate movements which were exactly the same, while ratios 
greater than this would indicate that S erred by moving the ele- 
vator’s controls excessively. 

Figure 66 is the learning curve for elevator control for approxi- 
mately 17 flights of 30 minutes each, plus the 10 minutes needed 
to record the movements. A curve of negative slope is apparent. 
As far as elevator control was concerned, this student was per- 
forming quite well by the end of the fifth lesson. Only a slight 
increase in error was apparent on the first two solo flights. 

VARIABLES INFLUENCING RATE OF LEARNING 
Massed vs. Distributed Training 

We are already acquainted with the general methods of manipu- 
lating this variable. In the previous chapter wherein these methods 
were discussed, data were cited showing conditioning taking 
place more rapidly under distributed than under massed practice. 
In general, the same conclusion holds when tasks are of the multiple- 
response type. McGeoch, after an exhaustive survey of the literature, 
says: “The generalization that some form of positive distribution 
yields faster learning than does massed practice holds over so wide 
a range of conditions that it stands as one of our most general 
conclusions” (233, p. 119). We shall see, however, that there are 
exceptions to the generalization. 

Let us examine some experiments dealing with this variable 
as it is related to specific sub-variables, and while we do this, 
sample methods at various points along the verbal-motor con- 
tinuum. 

Verbal tasks. In a series of experiments Hovland has attacked 
a group of problems associated with massed and distributed practice , 
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consistently using nonsense syllables as the learning material. To 
illustrate: one experiment studied rate of learning under massed 
and distributed practice when the syllables were presented at 
different rates (158), — a a-second exposure rate (typical rate) and 
a 4-second rate of presentation. 

We can orient ourselves to the iS’s point of view by quoting 
from the instructions which Hovland gave to his Sa, since these 
are representative of instructions used in rote learning experi- 
ments: 

This is an experiment in learning a list of nonsense syllables, and not a 
psychological test. We are interested in certain complex relationships of 
the learning process common to all people, and not concerned with your 
personal reactions. 

Shortly after the apparatus starts you will see a tliree-letter syllabic in 
the window. You are to pronoimce this syllable and those that follow it 
as you see them. Alter you have seen the list once, you are to endeavor 
to anticipate the syllables; in other words, as you see one syllable you are 
to pronovmce the syllable that will follow it before it appears. If you think 
you know what a syllable will be, but are not sure, guess, because it will 
not hurt your score any more than to say nothing, and if you get it right, 
it will count as a success. If you anticipate a syllable incorrectly, correct 
yourself as soon as it appears. Try always to speak the syllables as distinctly 
as possible. 

Please do not try to think ahead more than one step at a time, or to 
count, or to make up fanciful connections between the syllables to assist 
the learning process. Don’t try to use any special system in your learning; 
simply associate each syllable with the next one as the series moves along 
(157, p. 205). 

Massed training was defined by a 6-sccond rest between trials 
and distributed practice by the a-minute 6-second interval. With 
the addition of the presentation-rate variable, we have a total of 
four conditions: 

Condition I: Massed; two-second presentation rate 

Condition II: Distributed; two-second presentation rate 

Condition III: Massed; four-second presentation rate 

Condition IV; Distributed; four-second presentation rate 

Each iS in this experiment went through each of the four con- 
ditions twice, so that with 32 Sa, each condition is represented 64 
times. Systematic randomization (Design Method IV) was used 
to equalize the practice effects for the eight experimental sessions, 
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and two practice lists were learned before the experimental con- 
ditions started. Each list was composed of 12 syllables. 

The If^arnin g curves for each condition arc plotted in Kg. 67 
We note first that with a 4-second presentation rate the lists were 
learned much more rapidly than with a 2-second presentation 
rate. Roughly, learning was twice as fast with a 4-second rate as 
with a 2-second rate, suggesting that amount of learning per unit 



Fio. 67. The influence of masdng and distribution under two rates of syllable 
presentation. Data from Hovland (158). 

of time was about the same for the two conditions. With regard 
to massed vs. distributed practice, we see that distribution facilitates 
learning in both instances, although the difference is significant 
only in the case of the a-second rate. We must conclude that 
the intra-trial distribution provided by the 4-second rate was not 
further enhanced an appreciable amount by also allowing a 
minutes, 6 seconds between trials. 

Using the same basic methodology outlined above, Hovland 
has found that the longer the list of syllables the greater is the 
efficiency of learning resulting from distribution of practice 
(l6i), and that distributed practice with paired associates docs 
not facilitate learning (159). This latter finding again emphasizes 
differences in learning paired associates as compared with serial 
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lists, and shows that distribution does not always enhance learning. 

Wilson (415) has found that the learning of i6-itein serial lists 
of two-syllable adjectives will be facilitated by using either a 
30-second or I -minute rest between trials. However, in a study by 
Sandahl (329), in which serial lists of adjectives were used, no 
such facilitation was found in several different conditions. Let us 
look at Sandahl’s conditions; 

Condition I; i-min. rest after each block of a trials 
II; 3-min. rest after each block of 2 trials 
III; 4-inin. rest after each block of 2 trials 
IV : I -min. rest after each block of 4 triab 
V : 2-min. rest after each block of 4 trials 
VI : 4-inin. rest after each block of 4 trials 
VII : Massed 

Following two practice days tliese seven conditions were pre- 
sented to each of 31 Sa by Design Method IV. Each list consisted 
of six pairs of highly synonymous adjectives, for a total of is 
items in a serial list. In no case did a word immediately follow or 
precede its synonym. The purpose in using lists with Wgh intra- 
list similarity was to increase the number of errors made during 
learning, since evidence has tended to suggest that distributed 
practice will most facilitate learning when interference within a 
list is high (167). Sandahl’s results show that whereas there was 
considerable interference within the list, there was little difference 
in the speed of learning among the results of any of the above 
seven conditions. This is one of the few known instances in which 
distribution has failed to facilitate learning of serial verbal material. 
It may be that these conditions are not optimum for distribution 
effects; perhaps i minute or less rest between each trial, as used 
by Wilson, is the maximum interval for which distribution proves 
beneficial in serial learning. Or, it may be that the use of synony- 
mous adjectives, while producing interference, added factors which 
obscured the usual benefits of distribution. 

Semi-verbal materials. As we go up the verbal-motor dimen- 
sion toward the motor end, we find that distribution of practice 
facilitates performance even more than it typically does in the 
learning of verbal materials. We shall mention two illustrations 
of tasks which fall somewhere on the dimension between “pure 
verbal” and "pure motor.” 
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Ericksen (go) used a multipIe-U stylus maze with ten choice 
points. iSs in one group learned the maze during a single period, 
and Ss in another group were given a trials a day until a criterion 
of two successive perfect runs was reached. The group working 
under distributed condition required an average of only 14.06 
trials to reach the criterion and made a mean of 35.65 errors. 
The massed group took an average of aS.ai trials and made an 
average of 70.0 errors. Thus, the distributed group took approxi- 
mately half as many trials to learn as did the massed group. The 
two groups of Ss were not matched, but even allowing for differ- 
ences in initial ability of the two groups, the obtained differences 
are so large that it seems clear distribution had a very facilitating 
influence. Let us note that 24 hours elapse between blocks of 2 
trials in the distributed condition. We do not know, of course, 
that this particular work-rest ratio is optimum. Other conditions 
of distribution might accomplish even more rapid learning. We 
can see that a great many combinations of work and rest must 
be explored before E can definitely state the optimal conditions 
of distribution for any given task. 

A second learning task which fits the present category is learning 
to print the alphabet upside down and backwards. S starts at 
the right side of the page and prints A upside down, then B upside 
down, and so forth, so that when the page is turned 180 degrees, 
the alphabet can be read in sequence. S is instructed to print as 
rapidly as possible. This task is good as a class demonstration 
experiment, since it can be done with groups of .Ss and perform- 
ance almost always shows marked facilitation as a result of distri- 
bution. We shall illustrate this by Kientzle’s study (196). 

•Ss were given work periods of 1 minute. If they finished the 
alphabet before the period ended, they immediately started over. 
A different group of Ss was used for each time interval, this parti- 
cular task being of such a nature that it cannot be used with 
cotmterbalanced conditions effectively (see Chapter X). The 
groups ranged from 35 to 63 Ss and the data show that in terms 
of initial scores aH groups were of near-equal ability. Ten degrees 
of distribution were used, as shown in Table 25. It will be seen 
that the intervals for the nine groups vary fi:om o to 90 seconds 
and that an interval of 7 days between trials was given to the 
tenth group. 
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In general the results show that as the time interval between 
rials increased up to 90 seconds, the rate of performance increased 
Iso, Even the group which had one week between trials did much 
letter than did the short-interval groups. 


TABLE 25 

Sfpect of Distiubution of Practice in Rbversed-Ai.phabet Printino 



Data from Kientzle (196). 


The Kientzle experiment also permitted isolation of the effects 
)f rest-interval activity. These effects will be discussed after a 
ew general observations on this variable are made. In studying 
lie effects of short rest intervals on learning, E must keep S in 
the laboratory. This raises the problem of what to do with S 
during the rest interval. Any rest interval activity must meet two 
criteria if we are to get out of its use a good estimate of the influence 
of distribution as such. 

(i) A rest interval activity must prevent S from rehearsing the learning 
material. If we get facilitation by distribution, and if S has spent 
the interval silently practicing, then we are not truly measuring 
the influence of the rest interval. Consequently, it has been common 
practice to give 5 ' a task which keeps him occupied. However, 
certain pitfalls are involved in this. 

(a) A rest interval activity must not interfere with or facilitate the 
learning of the material. If the rest interval activity interferes with 
the learning material, the influence of distribution will be under- 
estimated; if the rest interval activity facilitates, the influence of 
distribution will be overestimated. 

Es have used many rest interval activities. One commonly em- 
ployed in verbal learning is color-naming. S spends the rest interval 
naming the color of many small paper squares pasted on a board 
or squares that are presented by the memory drum at regular 
intervals. This, it is believed, docs not interfere with the learning 
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material and at the same time seems to keep S occupied so that he 
is unable to rehearse. Such an activity is especially suitable for 
short rest intervals. For longer intervals Es have used jigsaw 
puzzles, picture magazines, jokes, cartoons, and so on. So far , 
little empirical attention has been paid to the choice of materials; 
instead, E uses his judgment as to whether or not a rest interval 
task will interfere or facilitate and whether or not it will keep S 
busy so that he cannot rehearse. It has been shown that if is 
requested to practice silently during the interval, his performance 



Fia. 68. The efiect of filled and unfilled rest intervals on reversed alphabet 
printing. Data from Kientzle (196). 

win be facilitated on subsequent learning (416), so it is necessary 
that S be prevented from rehearsing. 

Now, to turn back to Kicntzle’s study. During the rest intervals 
between trials in learning to print the alphabet backwards, "Sa 
were not to look at their papers and not to think or talk about the 
task. So far as E could detect, these instructions were followed” 
(196, p. 190). In a special group of Ss (not included in the table), 
E gave 60 seconds between trials and had Sa make tallies and 
crossbars throughout this interval. For this group, then, the inter- 
val was occupied. Let us compare the performance of this group 
with the performance of the 60-second group in which the interval 
was not formally occupied (Fig. 68). We see that the group 
with the interval unfilled did consistently better than the group 
which filled the interval by making tallies and crossbars, although 
the groups arc large (54 and 55 for filled and imfillcd groups, 
respectively), and are about equal in performance on the first 
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trial. By the tenth trial the difference between the two groups is 
such that it could be expected by chance only once in fifty times 
if the true difference were zero. How do we account for this 
difference? 

Several alternative hypotheses present themselves as explanations 
of the difference between the two groups, (i) The task selected 
to fill the interval interfered with the printing of the inverted 
alphabet. Such an interference might be in terms of actual move- 
ments or might be in terms of accumulation of fatigue. (2) Ss 
may have been practicing the alphabet in some fashion when the 
interval was not filled. This would tend to enhance performance 
and there is independent evidence that Ss may symbolically 
rehearse even a highly motor task (307). (3) There is no true 
difference between the groups. Even though the curves arc con- 
sistent throughout their course, it is still conceivable that slight 
differences in the groups at the start represent true differences, 
although this is not a probable state of affairs. From the data as 
given there is no way of selecting which is the correct hypothesis, 
although the first, the effect of interference, seems most likely. 
The point to stress is that how we Jill the rest interval is important 
in distributed practice studies if we are to get an unbiased estimate of the 
influence of distribution of trials as such. It should be clear that the 
results for these two groups do not negate Kientzle’s general 
findings, since the differences between the other groups are too 
great to be accounted for by the rehearsal hypothesis as proposed 
above. 

Motor task. No available evidence contradicts the general 
principle that some form of distribution facilitates performance on 
a motor task. One study of the pursuit rotor will show method 
and results. 

Hilgard and Smith (154) kept the practice period constant for 
three groups of 5 s, but varied the number of trials given during 
the period. All practice trials were i minute in length, ^nd aU 
groups were given two initial trials with i-minute rest intervening. 
From the third trial onward the groups were dbtinguished by the 
amount of rest between trials as follows: 

Group A: 5 additional trials with s-minute rest between trials 

Group B: 10 additional trials with i-minute rest between trials 

Group 0 : 15 additional trials with 9 o seconds rest between trials 
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AH groups were given a final trial i minute after their last trial 
above. Counting the first two trials given all groups, the total 
experimental period for each group was twenty-five minutes. 
Group A was given relatively distributed practice as compared 
with Group C, and Group B was intermediate. 

The pursuit rotor was wired so that during a 60-second trial 
a maximum score of 600 could be made; that is, if 5 succeeded in 



Fio. 69. Massing and distribution of trials in pursuit-rotor learning. Data from 
Hilgard and Smith (154.). 

constantly holding the stylus on the target, he would score 600. 
Each group was given four experimental periods exactly as out- 
lined above, and the scores made on the first and last trials for the 
periods are shown in Fig. 69. It must be kept in mind that the 
last trial of a day for Group A was actually the 8th trial; for 
Group B it was the 13 th trial, and for Group C, the i8th trial. 

Figure 69 shows that the three groups performed almost equally 
well throughout the four days. By the end of the fourth day 
Group A, which had had a total of only 3a trials, was doing almost 
as as Group C which had had 7a trials. In short, the fewer 
trials within the constant length practice period resulted in nearly 
as much learning as the greater number of trials for the same 
period. 
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Further problems are associated with massed and distributed 
practice, problems which concern the optimum point in learning 
for introducing a single rest interval and the optimum length of 
rest interval at various stages of learning. For our purposes, let 
us keep in mind the general finding that distributed practice is 
superior to massed practice, and that how much better distributed 
training is than massed depends upon three general manipulable 
variables: 

1. Relative and absolute amounts of work and rest — the work- 
rest ratio 

2. Locus of the rest period or periods 

3. Type of material or task used 

Theory. Most theories attempting to explain the facilitation of 
distributed training over massed training have as their bases the 
postulated opposition of two kinds of processes, one inhibitory 
and the other excitatory, with differences in the rate of dissipa- 
tion of the processes related to passage of time. It is, then, based 
on the same premises as the theory of distributed practice dis- 
cussed in the previous chapter. The essential idea is that rest 
intervals allow for the dissipation of inhibitory processes, thus 
leaving the positive tendencies stronger. Actually, the data do 
not appear to be explained by such a simply stated theory, and 
recent trends are toward more complicated theories, although even 
these are based on the essential idea of the opposition of the basic 
processes. 

Type of Material 

Three specific variables determine how the type of material 
affects rate of learning. They are: (i) intra-task similarity, (a) 
meaningfulness, and (3) affective characteristics. 

Intra-task similarity. Although this variable has received 
little experimental attention, it is probably an extremely important 
one in determining rate of learning. It might be stated in terms of 
degree of homogeneity or hetcrc^encity of the items or units of 
a task, but to make the analysis consistent with our previous 
discussion of transfer of training, we should retain the concept of 
similarity as the stimulus variable in question. It is believed that 
the similarity factors among the items within a list, or movements 
in a task, operate in the same manner to produce negative transfer 
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as does similarity between lists. Within limits, the greater the similarity 
among parts of a task, the greater is the negative transfer within the task, 
hence, the slower is the learning. 

Gibson (io8) used paired-associate lists constructed with figural 
designs as stimuli and nonsense syllables as responses. These 
materials were the same as those used in her study reported in 
Chapter IX. Each list consisted of 12 pairs. One list was constructed 
with stimulus forms quite dissimilar, and three others with highly 
similar stimulus forms. Similarity was achieved by taking four of 
the stimulus items of the dissimilar list in combination with two 
highly similar forms for each. Thus, each of the three similar lists 
consisted of four sets of forms, each set highly similar within itself. 
In considering the results we shall evaluate performance on the 
dissimilar list as compared with mean performance on the three 
similar lists combined. 

A different group of Sa was used for each condition, and the 
criterion of learning was one perfect recitation. The dissimilar list 
required a mean of 8.86 trials to learn, whereas the similar lists 
required a mean of 19.81 trials — over twice as many as did the dis- 
similar list. 

Gibson interprets her results in terms of intra-list generalization. 
The stimuli of the similar lists tend to generalize with each other 
and evoke many wrong responses — ^responses which actually should 
be associated with other stimuli (response generalization was 
probably at a minimum). In learning the dissimilar list iS^s made an 
average of about three errors during learning, whereas in learning 
a highly similar list an average of about 18 errors occurred. Clearly, 
there was a great deal of interaction of the stimulus members of 
the similar Ust. 

The errors which occur in Gibson’s experiment constitute the 
basic empirical evidence for generalizing tendencies. When an 
item evokes a response which is wrong, and when it can be seen 
that the wrong response is actually the correct one for a stimulus 
item which is highly similar to the one which elicited it, the 
evidence for generalization is apparent. If we plot errors through- 
out the course of learning, it can be shown that their frequency 
increases to a maximum at about one-third of the way to mastery 
and flien gradually decreases. Gibson’s error curve shows this 
trend as have other curves using different types of material (329). 
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We conclude that slower learning occurs with lists of similar 
items because generalization is high. In order for learning to 
occur, the generalizing tendencies must be reduced by differential 
reinforcement in the manner previously discussed. Lists of low 
similarity required much less of this differentiation. 

The work on code learning during the war has given additional 
information concerning the importance of intra-task similarity. 
Studies by Keller and his students (189, 190) will illustrate these 
findings. There are 36 characters in the International Morse Code, 
36 for the letters of the alphabet and 10 for numbers zero through 
nine. The 36 characters were learned by presenting the tele- 
graphic signals for them over and over, with S attempting to 
identify the characters. Immediate correction of errors was made 
by E and the order of presentation varied in random fashion from 
trial to trial. The 36 characters were then divided into four groups 
depending on difiicidty encountered during learning. It was 
shown that difficulty of the four groups was directly related to 
the number of errors made during learning. That is, characters 
which were diflicult to leam tended to be substituted for each 
other during learning, whereas the group of characters which 
was learned rapidly produced few such errors. These findings 
suggest that intra-group generalization is producing the differences 
in difficulty. 

Plotkin (29a) went further to show specifically the relationship 
between similarity of symbol groups and difficulty in learning. 
This was accomplished by scaling similarity of characters firsts 
and then making up lists of different degrees of similarity while 
holding constant individual item difficulty as such. His results 
clearly show that as similarity among items in a list increases, the 
time to master the symbols in a list increases; generalization 
increases the interference. 

The concept of generalization has also been used by Phillip 
and Peixotto (291) to explain the errors they observed in paired- 
associate learning of nonsense syllables. Gofer (61), after analyzing 
the errors made in memorizing prose passages, suggests that inter- 
ference brought about by certain similarity factors will probably 
account for most of the errors. Thus, intra-task, negative transfer 
may be interpreted in much the same way as infsr-task negative 
transfer. We could, of course, by the use of similarity 



EXPERIMENTAL PSYCHOLOGY 


410 


relationships within a task, make our conditions such that intra« 
task transfer would be positive in nature. 

Meaningfnlness. Like intra-task similarity, meaningfulness is a 
very important variable in determining the rate at which learning 
takes place although, again, the amount of experimental work on 
the variable is meager. Meaningfulness for verbal units may be 
defined operationally in two ways: 

I, It may be the number of associations which a word elicits in 
a limited period of time. Thus E presents a word as a stimulus 
and asks S to write or name all other words or ideas of which 
this word makes him think. The greater the number of associations 
elicited the greater is the meaningfulness. 

a. It may be the per cent of & who give an association (word 
or idea) within a limited period of time. The greater the number 
of iSis who can give an association the greater is the meaningfulness. 

Published lists of nonsense syllables (iia, 164, 206, 417) are 
reported in terms of association value which is determined by the 
per cent of Ss giving an association within a limited period of 
time. Thus, syllables which have an association value of 100 per 
cent indicate that all S% reported an association or idea within the 
time limit allowed. Let us take a few illustrations from Glaze’s 
list (112): 


100 per cent 
DOB 
PIL 

sm 

POK 

HOS 


53 per cent 

BOZ 

KER 

LTB 

WOB 

QAT 


0.0 per cent 
DAX 
ZPD 
XUC 

jrc 

WUH 


You will probably agree with the iSs from whose responses these 
values were derived that the 100 per cent association value syllables 
quickly suggest other words or ideas, whereas the 0,0 per cent 
syllables are much less suggestive. ActuaUy, because of cultural 
changes, meaningfulness values of syllables should probably be 
checked or re-computed from time to time. For example, in Glaze’s 
list (compiled in 1928) the syllable DUZ appears with an associa- 
tion value of 47 per cent. Very likely the value of this syllable is 
100 per cent among current college students. 

The relationship between meaningfulness and rate of learning 
has been determined by the use of nonsense syllables of different 
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degrees of association value. In so far as the work which has been 
done is concerned, the data are unequivocal; the greater the degree 
of meaningfulness the more rapid is the learning. Briefly, let us look 
at the results obtained by McGeoch (231) on this problem. 

By die method of complete presentation, 98 Ss were presented 
four lists of ten items each. One list was made up of three-letter 
words, another of 100 per cent association value syllables, another 
53 per cent, and a fourth, of 0.0 per cent syllables. Each S learned 
all four lists, a form of systematic randomization being used to 
balance practice effects. Rather than learning to a criterion, each 
S was asked to recall as many of the words of a given list as pos- 
sible after having studied the list for a given interval of time. 
The results are shown in Table 26 in terms of mean number 
correctly recalled after a constant study period for each kind of 
list. There is a direct relationship between meaningfulness and 
amount learned. 


TABLE 26 

Luauning As a Function of Mbaningfui.nbbs 


Nature of Material 

Mean Number Items Recalled 

0.0% syllables 

5.09 

53.0% syllables 

6.41 

100.0% syllables 

7.35 

3-letter words 

9.11 


Data from McGeoch (231). 


Meanii^fulness as a determinant of rate of learning probably 
gains its status as a consequence of positive transfer. It is the same 
characteristic as implied by the term familiarify. Meaningful 
material allows 5 to draw on a vast store of existing familiar associa- 
tions, in order to facilitate learning. The mechanics by which this 
associative process takes place are quite obscure. In certain situa- 
tions it appears that a process of mediate association takes place 
(Chapter XI). In others it seems to be a form of generalization. 
Thus, if 5 * has to learn to say MOJf when he sees BAL, he may 
knowingly generalize to think of BALI — diaMO.A/'d, Such associa- 
tions are often reported by Ss although it is very difficult to get 
systematic data on them. All that we know is that material which 
is barren of associative connections will be learned less rapidly 








412 EXPERIMENTAI, PSYCHOLOGY 

than material rich in associative value. We can, of course, devise 
situations in which previous associations interfere with new learning, 
but as we have seen in the chapter on transfer of training, these 
situations are restricted in scope. 

The practical value of meaningfulness in the teaching situation 
is widely recognized. Frequently, in introducing new concepts, 
a teacher will attempt to orient the student to the new concept 
by indicating its relationship to known concepts. Descriptively, 
such a student is provided something to which he may tie the new 
concept. 

AfiFectivity. In the chapters on the discriminal processes we 
studied illustrative experiments in which ^s scaled words for 
affective value. It was noted that many words had rather universally 
unpleasant connotations, and many other words had rather 
universally pleasant connotations. Unpleasant words tend to evoke 
avoidance responses; pleasant words, approach responses. Words 
with neutral affective tone evoked neither approach nor avoidance 
responses. The question we ask now is whether or not affectivity 
is related to the speed of learning. 

Unfortunately, this question cannot be answered. Various 
studies have produced contradictory results apparently for the 
reason that dimensions other than affectivity have been inade- 
quately controlled. Let us outline the steps necessary to determine 
adequately the influence of affectivity on rate of learning. 

I. Scaling of words for affectivity. Ss must be clearly informed 
as to what is meant by affectivity, and the scaling procedure 
should include scaling of the same words along other dimensions 
to determine if affectivity is an independent dimension. For 
example, meaningfulness would have to be scaled. Other dimen- 
sions by which words might possibly vary should also be investigated 
independently. The dimension of impressiveness as used by 
Thorndike (378) may be the same as affectivity, but at least an 
empirical investigation of whether it is or is not a separate dimen- 
sion should be undertaken. In short, E should ask Ss to scale a 
given group of words for all dimensions by which there is reason 
to believe these words may differ. This b an absolutely necessary 
step. From this scaling we presume that we could derive dimen- 
sions of affectivity, meaningfulness, and perhaps others. It is 
barely possible that meaningfulness itself may be systematically 
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related to affectivity (or vice-versa) in which case we would not 
have evidence for an independent dimension, 

a. The second step involves the construction of word lists of 
varying degrees of affectivity; all other dimensions by wHch the words 
vary are held constant. Thus, meaningfulness would be constant 
for all lists while affectivity varied. The affectivity ratings of 
the words used must have high reliability— must he unambiguous 
in affective value. At the same time we would hold constant 
for all lists the factors introduced by making lists from individually 
scaled items. The important variable to control in this instann^ 
is intra-list similarity, which we have seen profoundly influences 
rate of learning, (consequently, when a list is constructed, the 
degree of intra-list similarity mtat be constant for all lists. The 
ways in which similarity may vary were referred to in the 
chapter on transfer of training. Synonymity, homonymity, 
antonymity, formal similarity in terms of prefixes, suffixes, and 
so forth, must be constant for all lists. We repeat; only affectimiy" 
must vary. 

3 . With these laborious but necessary preliminary steps com- 
pleted, the word lists may be presented to 5s in a learning experi- 
ment. The sample of 5s used in the experiment should be drawn 
firom the same population as was the sample used to scale the 
affective tone of the words. Affectivity would certainly be expected 
to be determined culturally, and different groups may have 
different affective responses to the same stimuli. 

Until such procedural steps are followed, the results regarding 
affectivity and rate of learning will remain ambiguous. 

In the discussion of the three variables in this section our illustra- 
tions have been necessarily studies of verbal learning, since we 
have no experiments on motor learning in which these variables 
have been manipulated. We can conceive of motor tasks in which 
similarity among movements may be varied, and it is likely that 
the intra-task interference effects would be much the same as 
those with verbal material. It does not seem possible at present to 
define and vary meaningfulness for motor tasks. The same is true 
concerning affectivity. 

In addition to the three dimensions discussed, there may be 
others along which material may vary. The d^ree of motor 
involvement, for example, may be a variable; the amount of 
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discovery of the correct response required by the task may be 
another. However, the three considered are the only ones of 
importance which have had experimental attention. Meaningfulness 
and intra-task similarity are extremely critical variables; alfectivity 
is a potential variable. An understanding of experimental problems 
involved in investigating alfectivity is fundamental since these 
problems are common to all studies in which type of material is 
to be varied. 

Knowledge of Performance 

In the typical set-up for a verbal learning situation S can perceive 
immediately whether his responses are right or wrong. There 
are some tasks, however, in which such knowledge of the adequacy 
or inadequacy of responses is difficult for S to secure. For example, 
in Chapter II we had an illustration of direction perception in 
which S was to set a small dot on a screen so that it was in the 
' same plane as a line which was also shown on the screen. Per- 
formance on this task was much better if iS was told after each 
setting how much and in what direction he “was off” than if he 
were not told this. 

We shall examine three experiments in which this variable has 
been studied. 

Manipulating a gun sight. Ss were given a six-session training 
program on a laboratory model of a gun sight (344). The target 
was a slide-projected silhouette of a plane moving across a circular 
screen. Operating the gun sight involved two skills, tracking and 
ranging the target. Manipulation of hand dials regulated the 
diameter of a projected circle outlined by several diamond-shaped ■ 
points (pips) of light. The target was correctly ranged when the 
circle outlined it, the wings forming the diameter of the circle. 
Tracking the target consisted of maintaining a point of light in 
the center of the circle on the nose of the plane. TTie skill involved 
in tracking was a relatively simple one and S could tell imme- 
diately whether he was tracking correctly, i.e., when the dot 
was on the nose of the plane. In the case of ranging, however, 
the adjustment required was precise, and it was difficult for S 
to tell when he deviated slightly from the position which was 
scored a success. Since S was required to trac^ and range simul- 
taneously, and since the target plane moved at considerable speed. 
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the task as a whole was rather dHBcult. Scoring was in terms of 
mean time on target for eight “runs” of the plane across the 
screen, the scoring being independent for tracking and ranging. 
Each session consisted of 64 runs. 

One group of 20 Ss practiced six days on this task without 
receiving any information as to the adequacy of their responses 
except in so far as they could inform themselves. This information 
was probably quite complete in the case of tracking, and quite 



Fto. 70. The efiect of knowledge of performance on the operation of a gun 
, sight (344)' 

incomplete in the case of ranging. Another group of iSs also practiced 
six days, but from the second through the fifth days a red filter 
dropped in front of the projector beam whenever S was both 
tracing and ranging correctly. Thus, the Ss in this group were 
given a definite “statement” of when they were right and when 
they were wrong; when the plane image was red, they were “right,” 
when it was not red, they were “wrong.” Knowledge of performance 
was immediate and unambiguous. 

The mean performance of each group for the sbt days is shown 
in Fig. ‘JO, There is little difference in the tracking scores of the 
two groups. For ranging, however, the results are quite different 
in that I^wledge of performance enhanced scores a great deal. 
We may note also that the scores for the group given informa- 
tion dropped sharply on the sixth day when the information was 
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withheld. Clearly, performance was directly related to knowledge 
of that performance which 5 obtained. 

Degree of knowledge of performance. The experiment with 
the gun sight was such as to give complete knowledge or no 
knowledge. We would predict that the more precise the knowledge 
of performance the faster is the learning. Such an expectation 
is verified in an experiment by Trowbridge and Cason (389). 
Ss, while blindfolded, were instructed to draw three-inch lines. 
One group of Sa was told nothing after drawing each line; another 
group was told “wrong” if its errors were large, and “right” if 
its errors were small, and a third group was told exactly how 
much and in what direction it erred. Accuracy of drawing was 
directly related to amount of knowledge given. 

Industrial training. New employees in most industrial jobs of 
course require some training before they are considered competent. 
Lindahl (231) has studied the effect of knowledge of performance 
in the industrial training programs for disc cutters. 

Disc cutting in this particular plant involved a ratiier precise 
coordination of the hands and one foot. The discs, cut from 
tungsten rods, were very thin pieces to be used in electrical ap- 
paratus. The wheel which cut the discs from the rods was .015 
inch thick, and was not visible to the operator during the actual 
cutting. The right foot controlled the cutting wheel; learning 
the correct foot pressure to be applied at various points in the 
cutting sequence was the most difiicult part of the task. One hand 
was used to insert and hold the tungsten rod, and the other hand 
to manipulate a lever which ejected the discs after cutting. 

Lindahl attached a device to the cutting machine to record the 
exact foot movements made by the operator. By taking several 
samples of movements from skilled operators, he was able to 
develop an ideal pattern of foot movement for controlling the 
cutting disc. Then by recording movements of new trainees, he 
could point out to these trainees just how their movements deviated 
from the correct movements. Instructional sheets showed the 
trainee just what damage to the discs was caused by the various 
kinds of incorrect movements and pressures. Special emphasis 
was called also to movements which would avoid breaking the 
expensive cutting wheels or wearing them down too rapidly. 
Records were taken on several ' days so that the trainee 
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was able to watch closely how his pattern of movement improved 
with respect to the correct movement pattern. 

The effectiveness of the knowledge of performance given the 
trainees was determined by comparing the performance of the 
trainees with the performance of (i) veteran operators who had 
picked up the skill in a “hit and miss” fashion, and with the per- 
formance of (a) five new operators who were learning the skill 
by the “hit and miss” method. These comparisons were admittedly 
crude since the number of cases in the various groups was small 
and there was no way of knowing whether or not these small 
groups were of equal “natural” ability before training. The train- 
ing program lasted la weeks. In terms of number of discs cut the 
effect of the training program was negligible. However, in terms 
of number of discs cut per wheel, and in terms of number of 
wheels broken, the training had a clear-cut effect. The trained 
group broke fewer wheels and obtained more cuts per wheel 
than did the formally untrained groups. Since these wheels were 
expensive, a knowledge of performance training method had high 
practical significance. 

How do we account for the consistent finding that knowledge 
of performance enhances that performance? There are at least 
two ways by which this variable is believed to increase the rate 
of learning. First, S is given infirrmation concerning the incorrect- 
ness of his responses. Without this information, he may continue 
to repeat these incorrect responses. Knowing which responses are 
incorrect, however, S will change his behavior in an attempt to 
discover the correct ones. Thus, we may say that knowledge of in- 
correct responses increases the speed with which the correct response 
is discovered. Secondly, the knowledge of performance probably 
increases or at least maintains motivation. 

MisceUaneous Variables 

In this section we shall call attention briefly to a few additional 
variables.* The brevity of treatment is justified for three reasons: 
(i) few methodological problems arc present in experimentation 

♦ The most comprehensive surveys of all variables are given by McGeoch 
(933), Kingsley (198), and Stroud (370). There arc many stu^ concerned wth 
“best” method of presenting a speafic kind of material. Since the conditions 
manipulated are often specific to the material, the results do not have general 
significance. 
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on these variables; (a) some of them are relatively ineffective 
variables in that they do not markedly influence the rate of leam- 
ing, or (3) currently, very little research is being done on them. 

Whole vs, part learning. If a task may be divided into discrete 
parts, it is pertinent to ask whether learning each part as a imit 
before putting the parts together will yield faster or slower learn- 
ing than practicing on the whole from the outset. Thus, if we 
have a lo-stanza poem to memorize, will it be better to master 
each stanza separately before trying to recite the entire poem or 
better to attempt learning the poem as a whole from the begin- 
ning? There can be several variations on the pure whole method 
and the pure part method. For example, perhaps two stanzas of 
the poem might be considered a part; perhaps we might learn 
stanza one and stanza two and then try reciting them together 
before moving on to the third. 

For ten years there has been little research on this variable. A 
stagnation of research on a problem usually indicates that (i) no 
further researches are needed — the answers to questions are known; 
(a) experimentation has reached an impasse in that results have 
been contradictory for no apparent reason, or (3) there is a lack 
of adequate theory to direct experimentation. We know that the 
first alternative is not true — there are many questions needing 
answers. The second and third alternatives combined seem to 
account for the state of affairs concerning this variable. Results 
have been contradictory, sometimes showing facility in learning 
by wholes and sometimes by part, and psychologists have been 
unable to specify adequately the nature of the differences between 
experiments which would account for discrepancies. The reason 
for this is probably that no comprehensive hypothesis concerning 
the variable has been set up by which the success of the studies 
may be evaluated. If there is a cluster of conditions which must 
be present before whole learning is superior or a cluster of condi- 
tions which must be present before part learning is superior, we 
have not isolated them. If the relative effectiveness of one method 
over another is shown only under highly restricted conditions, 
as is probably the case with whole and part learning, it is a rela- 
tively minor variable. 

Active recitation. If during learning Sa make active attempts 
to recall or rehearse what they have studied, learning will be more 
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rapid than if such active recall attempts are not Several 

early studies have shown this. The influence of active recitation 
is probably motivational in nature, especially if the recall attempts 
allow knowledge of progress. In the experimental investigation 
of this variable it is necessary that the time utilized in recitation 
be added to the study time and that the non-recitation group be 
allowed the sum of the two periods. In lieu of this, E must make 
allowances for differences in total time spent when he interprets 
the results. 

Sense modality. It is a reasonable question to ask whether Ss 
learn more rapidly when material is presented to the ear or to 
the eye. The superiority of one method over the other, when 
found, has not been great and seems to be largely a function of 
<&’ previous experience. If one is accustomed to learn by auditory 
presentation (as is true for young children), more rapid learning 
may result than by visual presentation (198, 233). The typical 
finding, however, is illustrated by a recently published study (134) 
in which groups of too college students were given material to 
learn by moving-picture presentation, by lectures, and by reading. 
None of the three methods proved superior to the others in terms 
of performance measures used. 

Amount of material. As the amount of material learned 
increases, the length of time to learn increases. This is as we wotdd 
expect. However, as the number of units of material increases, 
the rate of learning per unit increases (233). Carrying this to its 
logical extreme we would expect that when the material becomes 
very lengthy, 5 will be unable to leant within a reasonable period 
of time. 

SPECIAL PHENOMENA OP SERIAL LEARNING 

Serial learning processes provide us with two related phenomena 
which in and of themselves have become topics of study. These 
phenomena are (i) remote associations, and (2) the bowed serial- 
position curve. 

Remote Associations 

In the usual serial learning experiment by the memory drum 
method, E writes down aH responses made by S, It is noted that S 
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typically makes errors in which, let us say, the response which 
would have been correct if given at the seventh seri^ position is 
actually given at the fourth serial position. On the surface there" 
appears to be nothing unusual about such occurrences; errors. are 
common in all learning. These errors which occur in serial learn- 
ing have special significance, however, depending upon their 
nature. To schematize the serial learning situation and the kinds of 
errors which might occur, let A, B, C, D, E, etc., represent succes- 
sive serial items. The correct association in the series is to 5, 5 to 
C, and so on, as represented by the solid lines. If Stimulus B elicits 
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Response jD (an error) it would be cadence for a remote associa- 
tion in the forward direction. If Stimulus D elicits Response .d,'lt 
would be evidence for a remote association in the backward 
direction. It is apparent that there can be forward remote and 
backward remote associations of several different degrees of re- 
moteness, depending on the length of the list. The forward remote 
association in the diagram has one degree of remoteness; the 
backward association has two degrees of remoteness if we call an ^ 
immediate backward association {D eliciting C) the zero degree 
of remoteness. 

Since errors of all degrees of remoteness, both forward and 
backward, have been observed, we have a rather complex situation 
in serial learning wherein each item may be connected to every 
other item, so that under certain conditions each item might elicit 
any other item. In the \isual situation, the existence of such remote 
associations is inferred from the errors which occur, but we shall 
see that remote associations may exist despite lack of evidence 
based on errors. 

Three methods have been used to study these remote associa- 
tions: (i) the derived-list method; (a) the error method; and ( 3 ) 
the word-association method. 
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Derived-list method. This method was introduced by Ebbing- 
haus before the turn of the century. Ebbinghaus has published a 
vast array of data, all of which were derived from his own learning 
while acting as both <S and jB, yet so thorough and careful was he 
that his basic results have never been challenged. His measures 
(N) were the number of lists learned rather than number of Ss 
learning a single list as is now the typical procedure. 

E bbing haus used the derived-list method to demonstrate that 
remote associations actually exist. ^To simplify the explanation, 
lEE us take the case of a six-item list only, A, B, C, D, and F. 
Initially these items would be learned in the order given. Now, 
if he wanted to demonstrate the existence of remote forward 
associations of one degree remoteness, he would construct a 
second list in which the items were A, C, E, D, and F in order. 
In this derived list, items which had been one degree remote in 
the original list are now adjacent. According to Ebbinghaus’ 
reasoning, if associations of one degree remoteness had been set 
up during the learning of the original list, these associations should 
facilitate the learning of the derived list in which the remote items 
became contiguous (adjacent forward association). Or, in his 
words: 

If ... in the first learning threads of association are spun not merely 
from each member to its immediate successor but also over intervening 
members to more distant syllables, there would exist, already formed, 
certain predispositions for the new series. The syllables now in succession 
have already been bound together secretly with threads of a certain 
strength. In the learning of such a secies it will be revealed that noticeably 
less work is required than for the learning of an altogether new series 

(83. P< 96). 

The experimental work to test the hypothesis tends to confirm 
it, and to establish the principle that Ae greater the degree of 
remoteness the less is the saving in learning the derived list. 

The error method. This method is merely based upon an 
analysis of the errors which comnionly occur in serial learning. 
E examines each error, determmcs"’Kow far it is out of place, 
whether it is a forward or "backward error, and compiles total 
frequency of each type. In^studying the’ effects "of intra-list simi- 
larity we mentioned that the number of errors increased to a 
maximum at about one-third of the way through learning and 



EXPERIMENTAL PSYCHOLOGY 


422 

then decreased to zero if the learning was to a criterion of per- 
fection, Those who have used the error method of studying remote 
associations have, it seems now, determined portions of this error 
curve. 

Word-assodatioii method. In using this method E requires S 
to learn a serial list to an arbitrary criterion of mastery and then 
presents the words to him one at a time, with instinctions to give 
the first response which comes to mind. On the association tgst 
the words are commonly presented in a different order from that 
used during learning. In handling the results of the test E deter- 
mines frequency of associations of various degrees of remoteness 
based on ffte order of items dming learning, - 

The nataire of remote associations. Let us summarize 
pertinent data concerning remote associations (415). 

I. Their frequency decreases as learning increases from moderate 
to a high degree. Since we assume that these associations did not 
exist before learning, the frequency must first increase and then 
decrease as degree of learning goes from low to high. 

a. The greatest frequency of remote aasodations occurs to stimuli 
from the middle portions of the lists and are responses from the 
middle portions of the list. 

3. The frequency of remote associations decreases as the degree 
of remoteness increases. 

It is by now clear that the question is not whether remote 
associations exist; the data show clearly that they do. The question 
is whether or not these associations represent associative bonds 
which have been formed across intervening items in a forward 
and backward direction. Several theories have been advanced to 
account for remote associations (233), but all of them are based 
on assumptions difficult to accept. The facts summarized above 
tend to support an interpretation which takes the same form as 
does the interpretation used to account for errors in many other 
situations; namely, generalization of stimuli. One of the difficulties 
confronting such an interpretation is the specification of the 
dimension along which such generalization takes place. The facts 
given above clearly indicate that tiic generalization cannot be 
only along dimensions of similarity such as we have previously 
discussed. In fact, a very important source of generalization must 
lie in the serial position factor. Perhaps words at the b^innipg 
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and the end of a list have a discriminative feature which those in 
the middle do not have. The center of the list may be considered 
more homogeneous than the ends. S is more likely to be confused 
by whether “this word” comes at the seventh or eighth position 
in a i2-item list than he is as to whether it comes at the first or 
second pbsition.' Any clear-cut interpretation of remote associations 
in terms of generalization must wait tmtil independent evidence is 
obtained regarding differential generalization along a restricted 
serial position dimension. 1 



Fio. 7t. The bowed aerial-position curve. The values are from 64 Ss learning 
lists of IS nonsense syllables by massed practice at a s-sec. presentation rate. 
Data from Hovland (158). 

The Bowed Serial-Position Gnrve 

If we plot the mean number of failures for each successive word 
during mastery of a serial list, we discover the bowed serial-posi- 
tion curve. The curve may be used to determine which words 
are learned most quickly. The first few items in a list are learned 
with greatest ease, the last few items arc acquired next, and the 
slowest learning occurs with the item just past the middle of the 
series, as in the curve for a group of 64 iSs in Fig. 71, A very 
similar curve would be obtained if we plotted the trial on. which 
the word in each position was first anticipated. The curve is 
sometimes drawn by showing the mean frequency of correct 
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response made at each position during learning. In such case the 
curve is inverted. 

The serial position curve is not limited to serial verbal learning. 
It occurs in finger maze learning to a certain extent, especially if 
S is given a set for speed. Recently, the curve has been reported 
in punchboard maze learning (185). There are also many incidental 
observations, such as memorizing bus slops, which support the 
generality of the curve. 

The impression that the bowed serial-position curve will not 
change with changed conditions must not be given. If the seventh 
item in a ten-item list is typed in red ink and all others in black, 
the seventh item will be learned more rapidly than either the sixth 
or eighth item, thus changing the shape of the curve (184). There 
is, of course, nothing magical about red ink — the same result would 
have been obtained had the seventh item been in black and all 
others in red. McGeoch (233) reports an unpublished study by 
McGurty in which ten-item lists of nonsense syllables were con- 
structed so that the formal similarity of the first and last three 
items was very high, and the middle four items quite dissimilar. 
Under these conditions the bow disappears and the items in the 
middle are learned almost as rapidly as the first and more rapidly 
than the last three items. 

Yet, in the normal course of learning serial tasks, the bowed 
curve is a very persistent phenomenon, and when the structure 
of the scries is not markedly altered, it will usually be found. 
There are common sense arguments which might suggest that 
the bowed curve is an artifact of the situation. Rehearsing items 
between trials is often suggested as an explanation by students 
who come upon the curve for the first time. Yet learning in which 
rehearsing is prevented or in which there is no rest between trials 
only slightly alters the shape of the curve. 

The second argument which is usually advanced by students 
is that the first and last items are learned most readily because 
they are first and last. Such an explanation is not acceptable until 
it is shown by what means first and last gain a differential status 
and how such a status could infiuence learning. 

As in the case with remote associations, there is no generally 
accepted account of mechanisms which produce the bowed serial- 
position curve. Very likely when one is explained both will be 
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explained, since the relationship between the two is seemingly 
clear. 

MAZE LEARNING 

A tremendous volume of data is avaUable on maze learning, 
especially rat maze learning. In our discussion of variables in- 
fluencing rate of learning, we included maze studies as illustra- 
tions. In addition to the general principles which cut across 
multiple response learning as a^whole, certain phenomena are 
largely peculiar to the maze situation as such. More correctly, 
perhaps, they are intrinsic to learning tasks which require loco- 
motion through space. Very briefly we shall consider these general 
phenomena for human and animal maze learning. 

Human Maze Learning 

Learning method. One of the outstanding facts of human 
maze learning is the lack of consistency among iSs concerning the 
methods used in learning a multiple-U or multiple-T finger or 
stylus maze (422). Maze learning is, after all, a task which does 
not have many counterparts in real life situations. Ss do not have 
much backgroimd experience to bring to the situation. After pre- 
liminary practice S will usually hit upon a procedure which 
becomes his characteristic method. Husband’s work (176, 177, 178) 
has shown that a majority of & will discover the verbal method 
in which they memorize the turns in successive order as left, 
right, right, left, and so forth. Other Ss report that they use a 
more highly motor method in which the kinesthetic cues of dis- 
tance and “feel” play a predominant r6le. Still others report what 
has come to be known as the visual imagety type of learning in 
which S translates the kinesthetic cues of distance and proportion 
into a visual image of the maze. There are in addition, combina* 
tions of the methods. 

The verbal method usually brings about the most rapid acquisi- 
tion.* A puzzling problem is why more Si do not immediately 
use the verbal method, since most problems they met in school 
and elsewhere require solutions which are verbal in nature. The 

* In some class-room experiments conducted by the writer, Sa instructed to 
use the verbal method learned multiple-T finger mazes much more ranidlv than 
did a left to their own devices. ' apimy man 
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spatial factor present in the maze may provide difference enough 
to prevent the immediate initiation of verbal solutions, although 
this is largely speculative at present. 

Orientation. Although it is difficult to get systematic data on 
the matter, we may be quite sure that the process of maze learn- 
ing involves spatial orientation which is roughly equivalent to S’s 
saying: “I know the end of the maze is in that direction.” We do 
not Imow how precise this orientation is nor how many errors 
can be attributed to S'a attempts to go direedy toward the goal 
rather than in a circuitous route as the true path may actually be. 

Animal Maze Learning 

Tbe goal-gradient. In human maze learning there is a tendency 
for the correct alleys near the beginning and end of the maze to 
be mastered more quickly than those in the middle. This order of 
acquisition is less clear in maze learning than in serial verbal 
learning but is usually found if the maze is constructed so that 
considerable homogeneity previals within the maze and if S is set 
for speed. In animal learning, this order of learning specific cor- 
rect responses is not typically fotmd. Instead, a rat will eliminate 
the errors (entering blind alleys) nearest the food box first and 
then those successively in a backward direction so that the greatest 
number of errors are made in the blinds immediately outside 
the starting box. Thus, the elimination of the errors is in a back- 
ward direction. An explanation for this has been given by Hull 
(163), and the phenomenon has come to be known as the goid- 
gradient. The goal-gradient may be obscured and modified by 
other factors as recent work of Hull and his students has shown 
(e.g., 166, 366), but it does, nevertheless, stand as a fairly general 
principle of animal maze learning. 

Orientatiott. Part of what a rat learns in a maze appears to be 
an orientation toward the goal. It is as if, after a few trials, the 
animal learns that the goal box is “over there,” We do not need to 
say the rat learns that he has to go north by northeast to get to 
the goal; there are probably many stimuli, both intemsti and 
external, which become conditioned to running toward the food 
box, thereby serving as orienting cues. 

There are controversial theories regarding the nature of orienta- 
tion and its importance for learning. In our chapter on theory 
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we shall return to the contentions, along with a more carefiil 
consideration of just what is learned by a rat in the maze. 

Sense modalities. Attempts to determine the sensory modality 
used by rats in learning a maze have taken the form of eliminating 
certain modalities by minor operations. Honzik’s work (155) is 
an illustration. Various groups of rats had various sense modalities 
destroyed, that is, vision was destroyed in one group, audition in 
another, the sense of smell in another, and various combinations 
of modalities in still other groups. In general, experiments of this 
kind show that some retardation in learning results from the 
destruction of any modality, and the greater the number of sense 
modalities destroyed the slower is the learning. 

CONGLtJDING CONSIDEBATIONS 

In conclusion we should point to a very difficult problem which 
arises if we wish to determine the conditions which bring about 
optimal learning efficiency for any given task for a defined popu- 
lation. We have seen how optimal learning efficiency may be 
determined for a single variable with other conditions held con- 
stant. But when we wish to consider optimal learning conditions 
for all variables combined the problem is quite complex, even for 
a simple task. 

The student who is primarily interested in the practical applica- 
tion of research results must be re-educated if he holds any delusion 
that by a few experiments the optimal conditions for learning 
a task can be determined. Learining efficiency may be increased 
by judicious application of principles derived from a few experi- 
ments, but a conclusion that maximum learning efficiency has 
been attained represents wishful thinking and far outruns proved 
fact. The optimal methods of presenting a learning task will be 
learned only by a long series of researches in which the interaction 
of very many variables is determined. 

During World War II a great deal of research work centered 
around attempts to improve methods of code learning. Q,uite a 
number of these analytical researches by Keller and his associates 
are described in print although probably many others have not 
been published. These researches show that much progress was 
made toward increasing code-learning effectiveness, but these & 
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would surely be the first to suggest that the conditions of maximal 
learning efficiency have not as yet been unearthed in spite of the 
series of systematic studies. So many variables and combinations 
of variables are possible that many more researches will be needed. 

When we keep in mind the multitude of serial or multiple- 
response tasks which are performed day after day Ijy people in 
the process of earning a living, e.g., tasks such as typewriting, 
comptometer operating, typesetting, and assembly tasks, we can 
scarcely overestimate the need for research which will result in 
sound data leading toward a realization of optimal learning con- 
ditions. At present we can only caution ourselves against hasten- 
ing to a conclusion that bits of knowledge can be pieced together 
easily into a total pattern defining the conditions for optimal 
learning efficiency. 

SUMMARY 

r. In this chapter we have evaluated experimental methods and 
results in learning tasks which require the integration of a series 
of responses to a series of stimuli. It is this form of learning by 
which many skills required by formal education are acquired. 

а. Typical laboratory tasks were described which fall along a 
dimension of degree of motor involvement. This dimension ex- 
tended from verbal learning, representing low motor involvement, 
to pursuit rotor learning, representing high motor involvement. 

3. In the discussion of response measurements we were con- 
cerned largely with trials-to-criteiia method of plotting curves. 

4. Variables influencing rate of learning were as follows: 

a. Massed vs. distributed training 
h. Type of material 

(i) Intra-task similarity 
(s) Meaningfulness 
(3) Affectivity 

f . Knowledge of performance 
Miscellaneous 

5. Two special phenomena of serial learning, remote associa- 
tions and the bowed serial-posifion curve, were reviewed. 

б. A very brief analysis of maze learning was included. 

7. Finafly, we considered the problems associated with deter- 
mining conditions which bring about optimal learning efficiency. 
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Learning III — Thinking 


INTRODUCTION 

Otlier tides might well have been given to this chapter, such 
as Reasoning, Problem Solving, or Creative Thinking. A procedure 
which one psychologist may say demonstrates thinking may 
be said by another to demonstrate reasoning; still another may 
say it should be called problem solving. We need not be too 
concerned about the label as long as we indicate the descriptive 
relationships between the material included under these various 
terms and the material covered in the two previous chapters. Few 
will fail to recognize that the present chapter covers the chief 
area of behavior by which man traditionally sets himself apart 
from other animals. For surely, here are the skills with which 
airplanes are designed, sonnets are written, and atoms harnessed. 
Here indeed, some may say, should be the starting and stopping 
point of psychological investigation. The records of rats jumping 
up and down on a lever, or a finger pushing its way along a maze 
may pale into insignificance before the contemplation of the 
behavior which rears the achievements defining the advance of 
civilization. But, let us get along with the analysis and forget the 
chest-thumping. 

Descriptive characteristics of thinking. Over-all, we have 
been using the descriptive dimension complexity of task to systematize 
our study of learning. In the conditioned response situation it was 
found that a single response became associated with a rather 
discrete stimulus; the multiple response situation required that S 
integrate a series of responses to a series of stimuli. The thinking 
situation is still more complex in that S is required to determine 
the relationships among various stimuli and the "correct” re- 
sponse is usually forthcoming only when these relationships have 
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been perceived. This description does not, of course, place think- 
ing at a discrete point on the dimension. We shall find that tasks 
which have been used to study thinking form a “baud” or “zone” 
along the dimension of complexity, the lower portion of the band 
shading into multiple response learning. 

The diversity of the tasks which have been used in studying 
thinking makes complete description in temis of a single dimen- 
sion rather difficult. We should identify other characteristics 
which are sometimes needed to demonstrate the relationships 
between thinking and the learning situations discussed in previous 
chapters. 

I. The thinking situation places great emphasis on the discovery 
of the correct response. The “search” (i8a) is an integral part 
of thinking behavior. In terms of discovery or search, thinking is 
much like Conditioning Procedure II (Skinner-box), but is quite 
vuilike rote learning in which discovery of the correct response 
is at a minimum. Although the discovery process may be facilitated 
because S eliminates certain possible responses by “logical” con- 
siderations, we should recognize that logical procedures are in 
themselves a subject of study. 

a. In multiple-response and conditioned-response learning situa- 
tions the fixation process is basic, whereas in some thinking situations 
it is of secondary importance. The correct response in some thinking 
situations is a single unitary principle, and once it is discovered 
learning may be fairly complete. 

3. The thinking situation places heavy emphasis on symbolic 
representation and manipulation. Overt behavior is at a minimum, 
and when present is at best only a way of testing or verifying the 
validity of symbolic manipulation. 

It will probably be clear that these descriptions are simplified 
and quite crude. Unfortunately, no psychologist has attempted 
a systematic scaling of tasks along such descriptive dimensions. 
Yet, if we can perceive various relationships among tasks and 
processes needed to learn these tasks, it may prevent us from 
hastily concluding that conditioning is one “type” of learning, 
multiple-response another, and thin^g stUl a third. The point 
of view advanced here is that the terms (conditioning, multiple- 
response learning, thinking) simply refer to modal points of 
laboratory operations and may be relatively inconsequential in 
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the formulation of basic principles of learning. We do not assume 
that there are different kinds of learning; the relationships among 
all tasks used to study learning are too apparent to admit such a 
distinction at this time. It is a matter for the future to produce 
the evidence requiring abandonment of this position and establish- 
ing the fact that certain distinctions arc necessary. Later we shall 
point out that some psychologists hold an opposite point of view 
and insist that there is warrant for making those distinctions now. 

Status of research ou thinking. Upon the completion of this 
chapter we shall realize that, compared with other areas of learn- 
ing, the experimental study of thinking is somewhat retarded. 
Sound empirical facts concerning thinking are relatively few in 
number. The experimental method has been used only haphazardly 
in studying thinking, and there has been little continuity in the 
tasks from experiment to experiment. We shall find that when 
we attempt to draw up a list of variables which cause the rate 
or efficiency of thinking to vary, some improvisation will be re- 
quired. Probably the most telling revelation of the current status 
of research on thinking is the fact that during the last five years 
less than a score of truly experimental studies have been published 
in standard journals. Indeed, if we were to allot space in this book 
on the basis of frequency of recent research on a topic, we should 
relegate thinking to a few pages tacked on to some other chapter. 
However, in the belief that thinking is a topic to which experi- 
mental psychology can and must contribute, we shall attempt to 
treat the topic in much the same fashion as the previous two topics 
on learning. 

We may ask why research on thinking is retarded. There are 
probably several reasons. 

I. It appears that many psychologists have felt that the process 
of thinking, being covert in nature, is somewhat beyond the 
reach of the experimental methods which we have discussed thus 
far. According to this point of view, thinking takes place in a 
closed system and can be reached only by a form of introspection, 
In applying the introspective method to thinking, S is given a 
problem and while attempting solution, or after arriving at a 
solution, he describes the conscious content of his experience, he 
reports all thoughts, ideas, reasons for doing this, for doing that, 
and so forth. This, be it noted, is not the precise and sophisticated 
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form of introspection used in the early years of psychology to 
study chiefly more purely sensory experiences. 

Such an approach to the psychology of thinking has little defense 
if it be the central aim of an investigation. Experimentation 
concerning thinking can and should be carried on primarily in 
exactly the same fashion as experimentation on animals. A rat 
does not sit down at the end of a maze and explain to E how it 
happened to take the right path instead of the left path. No one 
is forced to adopt introspection as his primary method of investiga- 
tion just because the processes needing investigation appear covert. 
While careful introspective reports will yield gome valuable data 
and while introspection constitutes a perfectly valid method 
of research, there is no reason why the usual experimental methods 
cannot be applied to the study of thinking; that is, we may syste- 
matically vary the stimulus conditions and observe the response 
changes. The fact that we do know more about how a rat solves 
a maze than we do about how a student solves a geometry 
problem only adds to the confidence with which we may attempt 
to apply straightforward experimental methods to the processes of 
thinking. 

2. The failure to get on with the experimental study of think- 
ing may also reflect the procedural bias of many psychologists 
who prefer to start at the simpler level of behavior and work 
toward the more complex. According to them we are not yet 
ready to study thought processes. As the simpler situations become 
more thoroughly analyzed, perhaps research workers will finally 
turn their attention to the complex situations. 

3. A third explanation for the status of research on thinking 
has been indicated by Heidbreder (145) when she suggests that 
in most cases there has been a failure to ask effective questions 
about the thought processes. By effective questions she means 
those which are provoked by a theory, and those questions, it 
may be added, usually refer to the relationships between manipul- 
ablc environmental conditions and changes in performance. 

Plan of chapter. Response measures used for assessing per- 
formance on thinking tasks are usually iime to solve, trieds to solve, 
or errors made. They are handled in much the same way as the 
response measures of multiple-response learning, so we shall not 
need to discuss them separately. 
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The remainder of the chapter is divided into three general 
sections: 


I. Problems illustrating thinking 
a. Variables inEuencing rate of thinking 
3 . Miscellaneous problems 

PROBLEMS ILLUSTRATING THINKING 

Although we do not have thinking problems which may right- 
fully be called standardized laboratory tasks, in the sense that we 
call Skinner-boxes and nonsense syllables standardized, we should 
outline the general nature of the area of thinking by discussing 
briefly certain tasks which have been used. 

Rational learning. Rational learning problems have not been 
used in many experiments during recent years. Yet we shall discuss 
the procedure in detail because it typifies the least complex of 
thinking tasks, and therefore will give us an anchor point for 
evaluating the more complex tasks. Rational learning provides a 
ready transition from multiple-response learning to thinking. 
Peterson’s problem (ago) is probably the best known. Typically, 
ten letters, A, B. . .J are paired with numbers one through ten in a 
random fashion. S is told that each letter has a number from one 
to ten assigned to it and that no number is assigned more than 
once. 5’s task is to discover and remember the number which 
goes with each letter, so that when a letter is presented as a stimulus 
he can give the correct number assigned to it. 

When E gives the first letter, A, on the first trial, S’s responses 
are pure guesses from among the ten responses available. After 
each guess E reports “right” or “wrong” and S continues guessing 
until he arrives at the correct number for A. E then presents B 
as the second stimulus. Now note, that for stimulus B the number 
of possible correct responses has been reduced by one, since the 
correct number for A cannot be correct for any other letter. If 
four had been found correct for A it would be "irrational” for S 
to guess four for B or for any other letter. For each letter in order, 
then, the number of possible correct responses is reduced by 
one. To the last stimulus, J, there can be only one number as 
the response, and if 5 remembers all the correct responses for the 
previous nine letters he should get the correct response to J on the 
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first try. Usually the series is repeated until S is able to give all 
responses without error. Also, E varies the order of the letters 
from trial to trial. If he does not do this, the problem becomes a 
serial learning task, since S will ignore the stimuli and merely learn 
the sequence of responses. 

The rational learning problem has two characteristics which we 
should keep in mind. First, we note the heavy emphasis on imme- 
diate memory. If S can remember the correct responses for previous 
letters his task is greatly simplified. Rational learning in this 
respect depends upon good memory. Because of this important 
emphasis on immediate memory, we may expect that factors 
which influence memory will effect rate of rational learning. 
Secondly, the rational learning problem is very similar to pairei 
associate learning, differing only in the fact that S has to discover 
the correct response from among a rather limited number of 
possible responses. The acquisition curve of a rational learning 
problem (usually an error-reduction curve) is much like the usual 
multiple-response learning curve. 

Concept formation. Concept formation is the most common 
laboratory task used to study thinkmg, even though little standard- 
ization of concept materials has been attained. Much of our 
data on thinking has its origin in concept formation, which is a 
kind of inductive reasoning or thinking. “What is given in the 
inductive problem consists of specimens, and the result to be 
atttiined is a definition, or at least a working knowledge, of the 
class represented by the given specimens” (422, p. 801). In the 
laboratory S "must develop an effective response to a class of 
objects and a different response to objects not belonging to this 
class” (422, p. 801). 

The formation of language concepts is an integral part of one’s 
education. Dogs become distinct from cats even though both have 
four legs, and even though both are known as animals. Concept 
formation is a generalizing process which follows the discrimina- 
tion of similarities and differences among objects. Botanical and 
zoSlogical classifications are based upon recognized differences 
and similarities among various specimens. The greater the number 
of specimens included under a single concept, e.g., fishes, the 
greater is the number of specimens which have a common descrip- 
tive dimension. 



THINKING 


435 


Studies of concept formation have taken two forms. 

I. There are studies in which S must learn a new name for an 
old concept, when the major problem is to discover the concept. 
For example, from the following problems can you tell what 
concept is now named JUMKO? 

m JUNKO: 4/a = a 
JUNKO: 1 — 1=0 

m JUNKO: 5x1=5 
JUNKO; 18 — 3 + 8 = 33 
NO JUNKO: 9 + 3 + 4/a = 14 
JUNKO: 6 X a — 4 = 8 

You will find that only problems which call for subtraction are 
JUNKO; hence, JUNKO is a new name applied to the concept of 
subtraction. 

a. There is another small group of studies in which S has to 
learn a new concept. The first time you learned the meaning of 
subtraction as opposed, let us say, to addition, you learned a new 
concept. 

The task of evolving concepts usually consists of setting up 
successive hypotheses and testing those hypotheses. One particular 
kind of concept-formation problem is especially useful in de- 
monstrating this. Sometimes called the multiple-choice problem, 
this one may be illustrated with numbers. E presents S with suc- 
cessive series of numbers and informs him that in each series 
one number is correct. iS’s task is to discover which number is 
correct and to develop a principle by which we can choose the 
correct response on each successive series. Let us say the first 
series is 3, 4, 5, 6, 7 and S discovers that 4 is the correct response. 
The second series, 9, 10, ir, is presented. What did S learn on the 
first series that might aid him in selecting a number irom the 
second series? He remembers that 4 was correct on the first series; 
4 is an even number. For want of any other hypothesis, he chooses 
to on the second series because it too is an even number. E in- 
forms him that to is incorrect. Subsequently, ■S' discovers that 9 
is the correct response on the second series. Then he must ask 
himself what relation 4 in the first series has to 9 in the second 
series. A third series is presented, i, a, 3, 4, 5, 6, 7, and he finds 
that 3 is the correct response. 

S continues to test hypotheses and sooner or later will discover 
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that the correct response is always the number which is one left 
of center; thus, one-left-of-ccnter is the concept to be applied. 
E, of course, may make the correct concept a very difficult one, 
such as alternating between one left of center and one right of 
center. The discovery of the correct concept is greatly facilitated 
if S is allowed to keep all previous series before him with the 
correct responses marked. If these are not present so that S must 
rely on memory for previous correct responses, many incorrect 
hypotheses will be tried because S cannot remember correct 
responses for some of the series he has already had. 

Miscellaneous, Many tasks of the parlor game variety have 
been used in studying thinking. Mechanical puzzles, jigsaw puzzles, 
verbal conundrums, mathematical problems, and so forth, all have 
been used at various times, but with insufficient frequency to 
warrant specific descriptions. 

VARIABLES INFLUENCING RATE OF THINKING 

When we refer to variables influencing rate of thinking we 
mean variables which determine the time, trials, or errors to solve 
a problem called a thinking problem. The criterion of solution is 
set up by E and will, of course, vary with different problems. 
Thus, just as we studied variables determining rqte of condition- 
ing and rate of multiple-response learning, we shall also study 
variables determining rate of thinking. 

Massed vs. Distributed Training 

In conditioning and multiple-response learning, distributed 
training usually brings about more rapid learning than does 
massed training. However, the available data indicate that the 
generalization as thus stated does not necessarily hold for thinking 
problems. We shall evaluate three studies. 

Cook (66) used problems somewhat similar to jigsaw puzzles. 
One was called a T-Puzzle, the other a Cross-Puzzle (Fig. 72). 
Putting the plywood pieces together was a more difficult job 
than it may appear to be. Piecing a puzzle together once consti- 
tuted a trial, and the basic response measure was time per trial. 
Massed training was defined as 5 seconds between trials, and 
distributed training as 24 hours between trials. S% were given 15 
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Fig, 7a. Puzzles used by Cook (66). The dotted lines show how each puzzle 

was cut. 


trials on the Gross-Puzzle and 20 trials on the T-Puzzle; the 20 5 s 
used •worked on both puzzles by Design Method III. 

The results for the series of trials on each puzzle are shown in 
Fig. 73. The first 3 trials have been omitted because of the great 
amo unt of time required to solve initially these particular puzzles. 
In addition, successive blocks of 3 trials each have been com- 



Trials 


Fig. 73, The effect of massing and distribution of trials on puzzle-solving. 
Data from Cook (66). 

bined. The results are quite clear-cut; massing is superior early 
in learning, especially in learning the Gross-Puzzle. With succes- 
sive trials the distributed training results in performance which 
is just as good as that achieved through massing and there is some 
indication that performance \mder distribution eventually be- 
comes somewhat, though insignificantly, better than that under 
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the rival method. The one perfectly clear finding, however, is 
that early in the learning of a puzzle problem the Tnaaging of 
training results in more rapid learning than does distribution of 
training. 

In a series of experiments Garrett (103) used one task which 
might be considered as belonging in the field of thinking. S was 
told to construct an artificial language, using a scries of words 
and a series of rules about those words. The rules indicated how 
to change nouns from singular to plural, how to indicate past 
tense, and so forth. These rules, of course, were new ones in the 
sense that they were not the rules by which our own or any other 
exis t ing language is written. After providing illustrations of the 
proper use of the artificial language, E gave 5 la sentences which 
were to be translated into the artificial language. Massed practice 
consisted of translation periods following each other imm e dia tely, 
and distributed practice was defined by one translation period 
every 3 days. The practice periods in one experiment were a 
minutes in length and in another 4 minutes. 

The results tended to favor massing of practice in terms of 
amount of gain made from one practice period to the next, al- 
though the differences between performance under massing and 
distribution were not great. A pertinent fact is, however, that 
in two other conditions Garrett used simpler tasks and the results 
tended to show that distribution produced the most efficient 
learning — the same as the typical finding discussed in previous 
chapters. 

^ experiment by Erickson (90) utilized a puzzle, the nature 
of which need not concern us, except to say that solving it pro- 
vided a difficult task. The distributed practice group was given 
5 minutes of practice every 48 hours, and the massed group, only 
one period of practice, until an arbitrary criterion of solution 
speed was attained. In terms of trials or time to reach the speed 
criterion, the performance of the massed group was much ac- 
celerated over the performance of the distributed practice group, 
being 63 per cent superior in terms of trials and 44 per cent in 
terms of errors. 

The results of these three experiments agree very wellj with 
these complex learning tasks in which S must grasp and retain 
relationships among various stimuli in order to respond 
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appropriately to those stimuli, distribution of practice is not 
superior, and there is clear-cut evidence in two of tihe three studies 
that massing is superior at certain stages of learning. 

Let us note, however, that limitations must be placed on any 
generalization concerning massed and distributed practice in 
thinking. In no instance did E explore a dimension of degree of 
distribution. The smallest interval of distribution wsis 34 hours and 
the interval between massed trials was a few seconds. It is still 
quite possible that, let us say, an -hour between trials, would bring 
more rapid learning than would 5 seconds between trials. In 
short, our generalization on the influence of massing and distribu- 
tion on thinking is quite restricted. The degree of distribution 
(with various length work periods) has not been adequately 
explored. 

Type of Material 

From our own experiences we recognize that problems involv- 
ing thinking vary in difficulty. It is the purpose of this section 
to attempt to identify characteristics of material which produce 
differences in difficulty and therefore differences in rate of think- 
ing. Unfortunately we do not have a great deal of data with which 
to work. Very few experiments have been concerned direedy with 
this problem and most of them are experiments in concept forma- 
tion. Consequently, any generalizations at which we may arrive 
must be considered to be quite tentative. 

We may identify three variations of material which influence 
the rate of thinking: (i) length of task, (a) nature of concepts, 
and (3) intra-task similarity. 

Length of task. The length of a given task and difficulty of 
learning are, of course, positively correlated. We will consider 
briefly two studies which investigate this relationship. 

I. Puzzle Solving. The disc transfer (or pyramid) puzzle, was 
used in a study by Cook (67) to show the relationship between 
length of task and difficulty. The pyramid puzzle in simple form 
consists of three "stations” which we may call A, B, and G. E 
places two discs at A, the smaller on top of the larger. 5 is in- 
structed to move the discs from A to G, moving one disc at a 
time and never placing a larger disc on top of a smaller one. 
Station B is used as a “way” station. With two discs a mi nimum 

S9 
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of 3 moves is required, with three discs, a minimum of 7 moves, 
and with four discs, 1 5 moves. 

Cook matched three groups of Ss on the basis of an intelligence 
test before giving one group the two-disc problem. S worked on the 
problem until he could solve it in the minimum number of moves. 
The mean total moves required for the two-disc problem was 3.5, for 
the three-disc problem 24.3, and for the four-disc problem, 182.7. 
It is clear from these data that the number of moves actually 
required increased at a much more rapid rate than die m i n im um 
number of moves theoretically required to solve the problems. 

In a second experiment Cook used a modified form of Design 
Method III. One group of Sa solved all three problems in order, 
from the two-disc problem through the four-disc problem, whereas 
another group solved the four-disc problem first, followed by the 
three- and two-disc problems. The group solving the simple to 
complex problems showed -very little transfer from one problem 
to the next, whereas the group solving the complex to simple 
problems showed large transfer effects. Here then is a task in 
which we have differential transfer effects in "going from one 
condition to another, depending on the order of conditions, and 
we must conclude, as Cook did, that counterbalancing should not 
be used for experiments on this task (cf. Chapter X). 

2. Concept Formation. An experiment by Reed (304), while not 
one in which length of problem was varied directly, is related 
to the problem of length and time to learn. Reed’s Sa were pre- 
sented with a series of 42 cards. On each card were 4 words. From 
the 42 cards S was to learn 6 concepts; hence, each concept was 
represented among the words on 7 cards. The names of the 6 
concepts were nonsense syllables. To take an illustration; the 
syllable KUN was the name for a concept represented among 
each of the following 7 groups of words, each group of words 
printed on a separate card; 


I. hom 

leaf 

monkey 

debt 

2. fame 

ought 

tiger 

saucer 

3. line 

people 

elephant 

sound 

4. uncle 

friend 

sheep 

pear 

5. crowd 

sail 

deer 

string 

6. horse 

circle 

paid 

scholar 

7. carrying 

died 

cow 

ruler 
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In the 7 groups only the concept of an animal is common to them 
all and since animal names appeared with none of the other 
syllables used, S eventually discovered that KUN was the response 
to a card on which an animal name appeared. Since five other 
concepts were to be learned, each represented by 7 cards, the total 
of 42 cards is accounted for. 

E showed each card for 3 seconds and then pronounced the 
syllable which went with the card. On successive trials S named it 
correctly, E said “correct” ; if S failed to say the syllable or said 
the wrong syllable, E pronounced the correct syllable at the end 
of the 3-second period. The index of rate of learning was the 
number of promptings needed before S correctly identified all 
cards by calling out the appropriate syllable within the time limit 
allowed. The order of the cards was varied from trial to trial, 
and cards representing the same concept never followed one 
another. 

With one group of Ss Reed had 4 words on each card as indi- 
cated above, but with another group 8 words were presented on 
each card although the time of presentation of each card was the 
same. The question asked was how much difference in the rate 
of learning resulted from differences in the number of names on 
each card even though the number of concepts to be identified 
was the same. 

The results of this experiment show that the most rapid rate 
of learning took place when only 4 words were on the cards. On 
the average, the number of promptings to learn tlte 6 concepts 
with 4 names per card was 30.7, whereas with 8 words per card 
the mean was 40.0. If we assume that the intelligence test used 
is a valid matching instrument and that the two groups were 
therefore not significantly different in initial ability, we may 
conclude that the extra names on the cards made the task more 
difficult. The greater the number of words the greater the number 
of possible hypotheses which S had to eliminate before formulating 
the correct one. 

The nature of the concept. Two series of studies afford data 
on rate of concept formation as a function of the nature of the 
concept to be attained. We shall take an appropriate study from 
each of these series. These studies will clarify what is meant by 
"nature of the concept.** 
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I. The Welch-Long Studies, The subject of these studies is coacept 
formation in children. One study was concerned with concept 
formation as a function of “level of abstraction,” a phrase to be 
defined by the experimental operations. 

The situation Long and Welch (222) used in studying this 
problem is represented in Fig. 74. A, B, and 0 stand for objects. 
When A and B are together, a light is onj when B and G are 

together no light is on; when A 
and G are together the light is 
on again. On test trials S is 
asked which of the three ob- 
jects, A, B, or G, will make the 
light go on. A, since it is com- 
mon to both situations in which 
the light is on, is the correct 
answer. With children as Ss 
pictures of objects are inserted 
for the letters. The first pair, 
let us say, a lion and a camel, 
are presented, and E points out 
to 5 that the light is on. Then, 
the second pair, a horse and a 
camel are presented, and E is 
careful to show the child that 
the light is not on. In the third 
series the lion and the horse 
are presented, and again E points out that the light is on. On the 
test trial S is presented with pictures of a lion, hone, and camel 
and is asked to choose the one which will make the light go on. 

The above illustration indicates concept formation at the object 
level. “Light on” becomes a new name for an old concept of 
lion. Now, let us move up a level and present S with the following 
series of pictures ; 

lion — pencil: Light on 
boy — bus: Light not on 

camel — carrot; Light on 

On. the test trial we present S with three pictures, a horse, a 
battleship, and a bean and ask S which one will make the light go 
on. If he has “caught on” he will pick the horse, since the light 



Eio. 74 . Illustration of stituation 
ined by Long and Welch (sas) in 
their studies of concept formation. 
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was on in each case where a sub-human animal picture was 
present. This, then, is a first level abstraction. 

For the second level abstraction, we present S with the following 
series of pictures: 

man — auto: Lighten 

pear — rowboat: Light not on 
lion — com; Light on 

Three test pictures, bus, bean, and camel, are then presented. The 
correct response is camel, since the light has been on for lion and 
man, and both are animals. 

Tests at the various levels of abstraction were given to 40 
children, 8 to 1 1 years of age, and a great many different objects 
were pictured. Furthermore, the positions of the right and wrong 
pictures were randomly changed from trial to trial so that choices 
would not be based on position cues. From their tests Long and 
Welch conclude that concepts at the abstract level were more 
difiicult to learn than those at the object level. However, once S 
discovered a concept at an abstract level he was able quickly to 
master additional problems at that level. 

a . The Heidbreder Studies. Heidbreder planned a series of researches 
to discover under what conditions ^s change their concepts. In 
order to study this problem Heidbreder wanted to use concepts 
of known difficulty. Since no such standardized materials were 
available, initial experiments were set up to derive empirically 
concepts of known difficulty. An unexpected outcome of these 
initial experiments was the finding that certain classes of concepts 
were formed faster than others. Concepts of concrete objects 
were formed most rapidly, those of spatial forms next most rapidly, 
and number concepts were attained last (144). Let us look briefly 
at the method used to discover these facts. 

In most of the experiments nine concepts were learned, three 
each of the above classes. The material was presented pictorially on 
a memory drum, and S was asked to associate a nonsense syllable 
with each concept. Thus, the concept name for faces was relk. 
Each picture appeared for 4 seconds, and after a seconds of this 
period E pronounced the nonsense syllable, thus indicating the 
correct name. There was i6 series, each being made up of nine 
pictures, one corresponding to each of the nine concepts. For 
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example j there were i6 faces, each face different, i6 trees, each 
tree different, and so on. E presented each scries in succession 
until S gave two successive perfect recitations. 

The three object concepts vitn/ace, building, and tree, and as 
indicated above, were represented in each series by actual draw- 
ings of faces, buildings, and trees. One of the three spatial forms 
was a circle, but in the picture series a plain circle was not presented. 
Rather, a circular wreath represented the circle concept on one 
series; a wagon wheel on another, a ball on still another, and 
so forth. A second spatial form looked like an equal sign with 
a cross-hatch. Like the circle, it was presented in several different 
ways, although in each case the basic form was there, A third 
form appeared as a small circle with two antennae. 

The number concepts were presented as objects. Thus, for the 
concept three, one series might have shown three naOs, the next, 
three houses, the next, three butterflies, and so forth. S was to 
discover that the common characteristic of all these representations 
was “threeness.” 

Heidbreder’s results show that the object concepts were learned 
to mastery by 63 ^s in an average of 3.6 trials. The spatial forms 
required an average of 4.9 trials, and the number concepts, 8.4 
trials. These differences were highly dgnificant statistically. 

Although Heidbreder has demonstrated that such an order of 
concept attaimnent is not inevitable (146), in general, the order 
has proved surprisingly resistant to changed conditions. Because 
of definitional difficulties, Heidbreder prefers not to use the term 
abstract to indicate the obtained order, saying, for example that 
it is based on successive levels of abstraction, or that the more 
abstract the concept the slower is the rate of learning. In the 
Long-Welch study, it is true, we did refer to successive hier- 
archies of classification as levels of abstraction. Although such a 
hierarchy is not present in the case of Heidbreder’s concepts, it 
is, nevertheless, approximately true that as we go from objects to 
forms to numbers we get more and more removed from “thing- 
likc” characteristics. Yet, even if this is true, and even though we 
might speak of levels of abstraction, we still have to show how 
the characteristics which define levels of abstraction produce 
varying learning rates. This cannot be done satisfactorily at the 
present stage of research. 
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In the future, level of abstraction may be shown to be a special 
case of meaningfulness as we have used the term meaning^lness 
in the preceding chapter. Some evidence suggests this. Wilkins 
(41 1), working with syllogisms, found that level of difficulty was 
directly related to level of familiarity. A syllogism is a form of 
deductive thinking wherein S is given two or more premises and 
is asked what conclusion can be reached. In concept formation 
we go from the specific to the general, whereas in syllogisms we 
go from the general to the specific. We may illustrate the syllogism 
by continuing to overwork Socrates’ mortality: 

All men are mortal j 

Socrates is a man; 

Therefore, Socrates is mortal. 


Wilkins gave syllogisms stated in familiar terms and syllogisms 
stated in formal terms, as illustrated here: 


Familiar 

Some students are bright; 
George is a student; 
Therefore: 


Formal 

Some Af’s areji’s; 
Some t:’s are *’s; 
Therefore: 


The syllogisms stated in familiar, as opposed to formal terms, 
were most frequently solved correctly. If we considered the essen- 
tial components (students, bright, George, x, y, z) of such 
syllogisms it is quite likely that we could demonstrate different 
degrees of meaningfulness. Would this be the same tis levels of 
abstraction? 

Intra-task similarity. We have seen that this factor is very 
important in determining the rate at which multiple-response 
learning takes place. Most thinking problems involve the percep- 
tion, implicit manipulation, and short-term retention of relation- 
ships among stimuli. In so far as perception and retention are based 
on similarity of stimuli, this variable should also determine the 
rate of thinking. Similarities among various aspects of a prpblem 
may be so confusing that S may be unable to grasp the problem 
quickly. For example, Johnson gives a problem which most people 
will have to read more than once in order to understand; 

“The ages of a man and his wife are together 98. He is twice as old 
as she was when he was the age she is today. What are their ages?" 
(i8s, p. 306), 
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The probable importance of similarity in grasping a sequence 
of thoughts is clearly demonstrated on a well-known weekly radio 
quiz program. Each week a participant is asked to repeat a sentence 
after hearing it one time only. The sentence, using the same pattern 
each week, runs about as follows: 

I 

“Ted is in bed,” said Jed to Ned; “Ted is in bed, Jed,” to him said 
Ned, 

The fact that a relatively small percentage of the participants 
is able to repeat such a sentence is probably caused by the con- 
fusing similarity relationships within the sentence. 

At the experimental level, however, we have very little evidence 
on the r6le played by intra-task similarity in the thinking process. 
Welch (403) has made an analysis of the results of experiments 
he has performed with Long and has concluded that similarity is 
an extremely important factor in determining concept formation. 
It should be clear, however, that concept formation is a well- 
practiced task and may not be considered a very complex type of 
thinking. Certainly we are in no position at present to generalize 
to other tasks from principles based on concept formation. Never- 
theless, Welch’s analysis appears to have good applicability to 
concept formation and it will be worthwhile to outline the essential 
points of it. 

Concept formation studies such as Welch has conducted involve 
the use of positive instances of the concept and negative instances 
of the concept, the latter being illustrations of what the concept 
is not. According to Welch, two principles of similarity are 
important in such studies, (i) The greater the similarity between 
the positive and negative stimxili the slower is the rate of concept 
formation, (9) The greater the similarity between the positive 
stimuli the faster is the rate of concept formation. 

Both of these princijples have common sense appeal, and both 
may be derived readily from studies of transfer of training and 
discrimination learning. The first principle is demonstrated in 
studies in which an animal must learn to respond, let us say, to a 
cirde, and to make no response to an ellipse. The second principle 
is diown by any study of transfer in which the same response had 
to be acquired to similar stimuli. We cannot, of course, subsume 
all known facts about concept formation under these prindplcs. 
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as Heidbreder’s results demonstrate, but certainly the principles 
may form a part of the general theoretical structure which will 
be needed to explain complex concept formation. 

Set 

In our discussion of set in Chapter VI we indicated that there 
are two ways by which E may influence iS^s set: (i) by instruc- 
tions, and (a) by controlling 5 ’s past experiences. We have identi- 
fied the directive function of motivation with set; set determines 
the stimuli to which S attends and therefore will influence his 
responses in a problem situation. E, by appropriate instructions, 
may specify the stimuli to which S should attend and may also 
specify the mode of attack which is likely to be most fruitful. 
Instructions, in a sense, provide the same localization of behavior 
in humans as food smeared on the bar in the Skinner-box for rats. 
The second method of controlling set is by giving S preliminary 
training in a certain mode of solving problems and measuring the 
influence of that training in a new but similar problem situation. 
This method, in eflfect, provides a continuation of our study of 
transfer of training. 

The Maier experiments. Much of what we know about the 
influence of verbal instructions on problem solving has been 
obtained from a aeries of systematic experiments by Maier. Maier 
assumes that thinking involves primarily the combination of past 
experiences to bring about perception of a new relationship among 
stimuli. It is this new perceptual relationship which provides the 
solution to a problem. One factor which Maier believes to be 
important in bringing about this new relationship is what he calls 
direction. The concept is the same, or very similar to what we 
mean by set, * 

I. Experiment /. The first experiment (236) was designed to 
determine the effectiveness of recall of past experience in problem 
solving. iSs were brought individuaUy into a room with a low 
ceiling, and shown a collection of materials consisting of a large 
table, two pSles about feet long, two poles a little over 3 feet 
long, a large table clamp and two small clamps, electric bell wire, 
pieces of lead tubing, and several pieces of chalk. As we shall sec, 

♦ Maier draws a distinction between direction and set (241, p. 359), but few 
our purposes it is one which need not be made. 
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not all of these materials were used in solving the problem, but 
the extra material provided cues for false leads. S was instructed 
as follows: 

Your problem is to construct two pendulums, one of which will swing 
over this point (cross indicated on the floor) and one which will swing 
over this other point (other cross indicated). These pendulums should be 
so constructed that they will have a piece of chalk fastened to them which 
win make a mark (which can be seen) on the points on the floor just 
indicated (236, p. 1 18). 

The problem of constructing this pendulum is best solved, 
according to Maier, by clamping two poles together so that their 
combined length is just the height of the room. Then the two- 
pole assembly is used to wedge another flat pole against the ceiling. 
From the ends of the board wedged against the ceiling two strings 
are dropped over the designated spots. Small clamps are attached 
to the strings and the clamps hold the chalk. 

According to Maier the solution has three essential parts; 
(i) the concept of a plumb line, (a) the concept of making a long 
pole by clamping two short ones together, and (3) the wedging 
principle. In some of the groups of Ss these parts were indirectly 
demonstrated before solution was attempted. For example, to 
demonstrate the concept of a plumb line, E showed S how to 
make a plumb line out of a piece of string and a clamp, but instead 
of chalk a pencil was inserted in the clamp. The other two parts 
could also be demonstrated. We shall call this procedure, the part 
demonstration. 

The instructions used to give direction, or set, were as follows: 

1 should like to have you appreciate how simple this problem would 
be if we could just hang the pendulums from a nail in the ceiling. Of 
course, this is a not a possible solution but I just want you to appreciate 
how simple the problem would be if that were possible. Now that it is 
not possible the problem is, as you may find, really quite difficult (036, 
pp. 119-iao). 

Five groups were used as follows; • 

Group I: Given problem only. 

Group II; Given problem plus part demonstration, but told that 
the part demonstration was given merely to make them acquainted 
with the materials. 
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Group III; Given problem and part demonstrations and told 
that if these parts were properly combined they would yield the 
best solution to the problem. 

Group IV: Given problem and the set instructions quoted 
above. 

Group V : Given problem, part demonstrations and told 
that parts combined would give solution, and also given set 
instructions. 

This problem proved to be difficult. There were 62 Ss in the 
first four groups; only one solved the problem after working as 
long as desired, which in some cases was 3 hours. In Group V, 
however, 8 of 22 5 s discovered the correct solution. It appeared 
that not only did 5 s have to be given part demonstrations and be 
told that putting certain parts together would give a solution, but 
they also needed direction of the application of these parts. 5 s 
who failed to solve the problem no doubt had a set, but they had 
the wrong set for this problem. 

2. Experiment 11 , The second experiment (237) shows how 
behavior may be channeled in specific directions by the use of 
non-verbal as well as verbal hints. Two strings were suspended 
from the ceiling at such a distance apart that 5 could not simul- 
taneously reach both. The problem was that of tying the two 
strings together. Again, a multiplicity of objects was present, and 
actually there were many possible solutions. Maicr, however, 
was interested in only one solution, namely, the tying of a weight 
(pliers) to one string so that it would act like a pendulum. This 
would allow 5 to hold the non-weighted string and catch the 
other as it reached the top of an arc in its swing. If 5 achieved 
another solution £ instructed him to keep working for others. 

5 s were first allowed 10 minutes in which to discover the correct 
solution and then, if they had been unsuccessful, two hints were 
given: (i) £ brushed across one of the strings to make it swing, 
and (2) he handed 5 the pliers, telling him that with the pliers 
and nothing else the solution could be obtained. 

Without hints 39 per cent obtained the correct solution in the 
10 minutes allowed; after the hints a further 38 per cent solved 
the problem correctly and 23 per cent failed to find the solution. 
These results indicate that specificity of set aided solution for 38 
per cent of the So. 



EXPERIMENTAL PSYCHOLOGY 


450 

3. Experiment 111 . Maier noted in his experiments that many 
seemed to get in solution-ruts or sets which were difficult to break. 
It was as if S felt that his method of attack was correct but he 
hadn’t quite obtained the proper combination of objects. As 
we have indicated before, whenever there is a problem situation 
in which the correct response must be discovered, S is more likely 
to discover the response, statistically speaking, in proportion as 
the number of different attacks tried becomes greater. The rigid 
sets which Maier and others have noted are just the opposite of 
the variable behavior which seems necessary to find proper solu- 
tions. Maier’s observations indicated that those who solved his 
problems most readily were those who showed varied attacks on 
the problem; they were able to change the direction of their 
behavior when one direction proved inadequate. Poor solvers 
invariably persisted in one line of attack despite repeated failure — 
a sort of bulldozer response. Maier designed an experiment (238) 
to determine whether it would be possible to counteract the 
stereotyping of sets. 

Two groups of lSs were used. One was given a ao-minute lecture 
on problem solving and the other group (control) was given no 
lecture. The lecture covered general aspects of problem solving 
with special emphasis on the need to change sets, sometimes 
change them completely when one method of attack proved 
fruitless. Each S was given three different problems to solve: 
(i) the string-tying problem as used in Experiment II; (2) con- 
structing a hat rack by clamping two boards together, wedging 
them against the ceiling, and using the clamp bolt as the hook; 
(3) blowing out a candle at 8 feet by making a tube out of various 
parts which were available. 

The results arc shown in Table 27. It will be observed that 
there is no difference between the two groups on the string problem. 
Maier attributes this to the fact that the control group " as a 
whole worked longer on this problem because they had greater 
difficulty in solving it than did the experimental group. As a 
consequence, they had less time to spend on successive problems. 
In this experiment there were 178 iSs in the experimental group 
and 206 in the control group. The groups had not been matched. 
Maier ran subsequent experirnents in which the iSs were matched 
and approximately the same results were obtained as those in 
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Table 27. We note, that while the difference is not great between 
the two groups, the lecture had some effect. Maier concludes that 
thinking or reasoning is in part at least a function of overcoming 
inappropriate sets. 


TABLE 27 

Effect of Instructions to “Break Sets” on Problem Solving 


Problem 

Instructed Group : 

Per Cent Soloing 

1 

Control Group : 

Per Cent Soloing 

String 

50.6 

49.0 

Hat Rack 

28.7 

22.3 

Candle 

68.3 

47.3 


Data from Maier (238). 


Taken as a whole, Maier’s experiments show that set is a very 
significant factor in thinking. A given set shows itself by persistent 
mode of response. It may be induced by instructions and may 
be broken by counter instructions. We should also note the con- 
tinuity of Maier’s materials and methods from experiment to 
experiment. By such systematic studies we shall be able to raise 
our knowledge of thinking to a level that is commensurate with 
our knowledge of other fields in psychology. 

Instructions in concept formation. We shall report briefly 
on an experiment by Reed (303). Hie methods and materials used 
were the same as reported earlier under the heading length of 
material. The results of the experiment show clearly how a restric- 
tion in the amount of necessary discovery and a sharpening of the 
direction of attention facilitates concept formation. One group of 
S& was instructed as follows: 

I am going to show you a number of cards, one at a time. Each of these 
will be named by h nonsense syllable, such aajok, bif or hex. Look carefully 
at the cards and try to learn as soon as you can die name of each card. At 
first you will not know the names of any of them and I shall have to prompt 
you. I shall always prompt you when you fail to tell me the name of a 
card within three seconds after it has been shown. When I have given 
you the name of a card repeat it aloud after me so that I can be sure you 
understand it. Your work will be finished as soon as you can name each 
card without any help (303, p. 75). 









45 a EXPERIMENTAL PSYCHOLOGY 

Compare the above instructions with the following ones which 
were given a second group of Ss: 

This is an experiment in learning concepts. A concept, you know, is 
a word, or idea that stands for any one of a group of &ings. Thus, the 
word ehair, bird, or stotu stands for no particular chair, bird, or stone, 
but for any one of a group of chairs, birds, or stones. I am going to show 
you a number of cards, one at a time. Each of these cards will be named 
by a nonsense syllable, such as jok, bif, or hex, and each nonsense pliable 
is a concept. Look carefully at all the words on the cards and try to learn 
as soon as you can the name qf each card and what it stands for (303, pp. 75- 
76). (The remainder of the instructions was the same as foose for flie 
other group). 

The first group was given no indication of the nature of a con- 
cept and was not told that the experiment concerned concept 
formation. The first group required a mean of 40.9 promptings, 
the second only 30.7 promptings, to learn to a criterion of one 
perfect recitation. Although some Ss in both groups learned the 
names as a rote paired-associate task, the number of Sa using such 
a method was smaller in the concept-instructed group than in 
the other. The instructions indicating the nature of concepts 
restricted the range of trial behavior for that group. 

GoatroUing set by controlling past experiences. We have 
consistently assumed that when S is placed in a relatively new 
situation, his response will be like his past responses to similar 
situations. We presume that many of Maier’s Ss were acting in a 
fashion that had been appropriate in other situations, even thoirgh 
that mode of response was inappropriate for the problem pre- 
sented. We fully recognize how such sets, if inappropriate, may 
greatly retard thinking where the solutions demand that other 
methods be used. Until recently, however, we did not have 
systematic evidence of how a method of attack is carried over 
from one situation to another. A series of studies by Luchins (335) 
gives us full confidence in saying that set can be controlled by 
controlling past experience. 

Luchins’ technique was to fixate a single method of problem 
solving by insuring that such a method would be successful, and 
then giving problems for which the method was inadequate. The 
problems used were of the nature which often appear in intelli- 
gence tests. S is given (hypothetically) three jars which will hold 
a known amount of water. Using only the three jars as measuring 
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instruments. S' is to determine how to arrive at a certain amount 
of water specified by E. Thus, if one jar held 5 units, another 13 
units, and another a units, how would one get exactly i unit of 
water? This could be done by filling the 13 unit container, and 
from it filling the 5-unit jar twice and the a-unit jar once, thus 
leaving i unit. Or, it could be done more simply, by filling the 
5-unit jar, and then from it filling the a-unit jar twice. 

In his basic experiments Luchins used nine problems. The first 
was a practice problem, so we will not include it here. The foUow- 


ing eight problems are shown below: 

CONTAINBSS 

a b 

c 

To obtain 

Problem No. 3 

31 

137 

3 

100 

Problem No, 3 

14 

163 

25 

99 

Problem No. 4 

18 

43 

10 

5 

Problem No. 5 

9 

43 

6 

31 

Problem No. 6 

30 

59 

4 

31 

Problem No. 7 

33 

49 

3 

30 

Problem No. 8 

'5 

39 

3 

i 8 

Problem No. 9 

38 

76 

3 

85 


To obtain too units of water as requested in Problem No. a, S 
would fill the I ay-unit container, and from it fill the at -unit 
container once and the 3-unit container twice, thus leaving 100 
units in the large container. If these operations are put in algebraic 
form the equation reads b — a — ac = 100, Now, if you will check 
problems 3, 4, 5, and 6 you will find that they may be solved in 
exactly the same way and in no other way. Problems 7 and 8 may 
also be solved by this equation, but, also, they may be solved in 
a much more eflicient way by not using the b-jar at all. Problem 
No. 9 can be solved only by a short method (28-3), and is insoluble 
by the long method. 

In a typical Luchins experiment two groups of Ss were used. 
The Ss in both groups were given the same problem (No. i), and 
then the control group was dismissed. The experimental group 
remained and solved, in order. Problems s through 6. Then both 
groups together were given Problems 7, 8, and 9. In working 
Problems a through 6, the time allowed was such that most Ss 
were successful in finding the correct solution. The question E 
asked was what influence will the method of solution developed 
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on these five problems have on the solution of the succeeding 
problems? 

Luchins has given these problems to literally hundreds of Sa 
of varying ages and educational status. The effect of the initifil 
five problems was to produce a carry-over of the method of 
solution to Problems 7 and 8. The per cent of 5 s in experimental 
groups using the old method of solution ranged from 70 to 100 
per cent, whereas in the control groups, the per cent using the 
method was consistently near zero. The effect was different with 
different age groups, but there can be no doubt about the powerful 
effect of the transfer of the solution method. In this case, of course, 
such a transfer was inefficient, since Problems 7 and 8 could be 
solved in an easier manner. 

The results on Problem 9 also show the effects of the set developed 
in working the first five problems. A great many Sr in the experi- 
mental groups were unable to solve Problem g in the time allowed although 
the solution was much simpler than solutions which had been used 
on previous problems. 

Luchins systematically varied several different conditions, some 
of which we should mention. If E increased the number of set 
problems (beyond the five actually used) the set effect on suc- 
cessive problems was greater. This finding clearly points to the 
fact that the set was being learned just as specific responses are 
learned. If E asked 5 s to write “Don’t Be Blind” on their papers 
immediately after the sixth problem, the set effect was reduced 
somewhat on the following problems. Thus, as Maier’s results 
have shown, the set effect can be reduced by appropriate instruc- 
tion, in this instance by just giving 5 s a jolt. This is also demon- 
strated by procedures in which the first five problems were 
alternated with other problems not solvable by the same formula. 
In such instances the set effect was much reduced. * Giving speed 
instructions increased the efifect of the set on subsequent prob- 
lems; allowing a time interval to elapse between the first five 
problems and the test problems decreased the set effects. Here we 
have a phenomenon which may be reduced or increased as a func- 
tion of certain conditions, but under standard conditions such as 
were initially described^ its effect is very potent. Luchins’ results 
fully warrant his conclusion that the initial problems (a through 
* Harlow ( 140 ) has reported a very similar finding with monkeys as 5s. 
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6) create “a mechanized state of mind, a blind attitude toward 
problems; one does not look at the problem on its own merits 
but is led by a mechanical application of a used method” (235, 
p. ts)- 

We have covered enough experiments to demonstrate the 
methods by which set may be induced in thinking problems, and 
we are clearly aware of its importance as a determinant of the 
rate at which thinking will take place. There are many other types 
of problems on which influence of set needs to be determined, 
but tentatively we may identify set (as produced by instructions 
or past experience) as being especially important iu situations in 
which the number of>apparent solutions to a problem is great. 

The Effect of Unanalyzed Biases 

In an earlier chapter certain experiments were described which 
showed the influence of unanalyzed biases on the discriminal 
processes. Since the thinking situation is often one which requires 
discrimination among various stimuli, it might be expected that 
our responses will be determined in part by the unanalyzed biases 
which influence our perception. These factors may be conceived 
of as sets which have their origin in learning processes in a manner 
which Luchins so clearly demonstrates. However, because E does 
not have control of the conditions under which the biased responses 
arise, one may continue to speak of them as unanalyzed biases. 
Their importance in thinking is the same as the set factors which 
were analyzed and traced to somrees; they influence the rate of 
thinking, since they determine in part the responses which S makes 
to a thinking problem. Three illustrations follow. 

Atmosphere effect. Woodworth and his students at Columbia 
University have discovered an “atmosphere effect” which iufluences 
responses to syllogisms. The effect is shown by analysis of the 
acceptance of various invalid conclusions. If a syllogism is stated 
in affirmative form, S is more likely to accept an aflffimative than 
negative conclusion, even though both conclusions are invalid. 
Likewise, if a syllogism is stated in negative form, the negative 
conclusion is more likely to be accepted. Take, for example, the 
following premises: 

If all x's are y’s 
And if all z’s are y’s 
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The “atmosphere” hypothesis predicts that S, if he accepts an 
invalid conclusion, is more likely to accept a conclusion which is 
affirmative in tone. Two conclusions which would be affirmative 
in tone would be: 

Then all x’s are z’s 
Then some x’s are z’s 

S would be very unlikely, to accept the following two conclusions 
which are negative in nature: 

Then no x’s are z’s 
Then some x’s are not z’s 

Of course, all four conclusions are invalid from the premises. 
Yet, when S does accept an invalid conclusion as true, as Sells’ 
(345) work shows he often does, the conclusion he accepts has 
the same “atmosphere” or “impression” as the premises. If the 
premises were negative, such as: 

If no x’s are y’s 
And if no z’s are y’s 

•S ‘would be much more likely to accept an invalid conclusion 
stated in a negative fashion than he would one stated in affirmative 
fashion. 

It is quite clear from Sells’ work that a bias operates to determine 
in part one’s choice of conclusions. 

Attitudes. Some scattered evidence suggests that logical think- 
ing may be distorted by personal attitudes. However, a study 
by Morton (a 71) is the first which clearly demonstrates that 
emotionally toned attitudes may markedly bias our responses to 
syllogisms. There are two important parts to the study. One part 
concerns the acceptance of conclusions from premises stated in 
the symbolic x and form. A second part concerns the acceptance 
of conclusions when the premises and the conclusions were stated 
in terms of current events; namely, events of World War II (the 
study was done in 1943). These syllogisms in the second part 
were couched in terms of rationing, the airplane versus the battle- 
ship, spies, enemy leaders and soldiers, and so forth, all of which 

* The relationship between emotion and problem solving was taken up in 
Chapter VH. 
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were very much in the news at the time and about which most 
people held strong opinions. 

The test, then, consisted of syllogisms in formal symbolic language 
and syllogisms in emotionally-toned items, but both sets of 
syllogisms were identical as far as logic was concerned. There 
were 15 syllogisms, each stated in the two ways. S was asked to 
mark one of five possible conclusions which he thought most 
logically followed from the premises. Then E compared the re- 
sponses for each syllogism stated in formal terms with the responses 
given to the same syllogism when stated in terms of current 
topics. 

The responses for the 98 Sa (college students) were different 
for the two sets, and these differences were highly significant in 
14 of the 15 syllogisms. The most important finding was that the 
logically wrong conclusion accepted most frequently was one 
which represented the prevailing opinion by newspapers, radio, 
and other forms of public commentary. Thus, the source of this 
bias seems fairly well identified. In short, a conclusion which 
reflected public opinion was Ukely to be accepted, although from 
the premises such a conclusion was quite illogical. (This docs 
not necessarily mean that the accepted conclusion was not true 
in and of itself, e.g., “The Japanese advances in the Aleutians can 
be held,” but it does mean that such a conclusion was utterly 
illogical in the context of the given premises.) 

Morton also showed that when the emotionally-toned conclusion 
in line with current opinion was opposed to the atmosphere efiect 
(as discussed above), the emotionally-toned statement was more 
likely to be accepted than the one predicted by the atmosphere 
effect. 

Size smd position biases. A study by Morgan (270) illustrates 
in a very convincing manner how irrelevant factors may be given 
causal status in problem solutions. Morgan presented his Sa with 
a situation which may be schematized as follows: 

ABC 
A G B 
ADC 

The letters represent levers and iSis were told that when all levers 
in a row wctc pressed a door would open. Then iS was requested 
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to rank-order the four stimuli (A, B, C, D) as to their importance 
in causing the door to open. Now you will note that in the above 
illustration both A and G occur in each row so by common logic 
they should be equally important in producing door-opening. 
Morgan reasoned that if students applied logic only they -would 
be unable to rank either A or G ahead of the other. The question 
was, then, what irrelevant factors would determine a choice 
between A and G ? 

In the actual experiment four geometrical forms (a circle, a 
diamond, a square, and a triangle) were used instead of letters. 
These forms appeared in various sizes and at various positions in 
the 12 problems used. Some forms had lines through them. Each 
problem was exactly the same; S was to rank-order the four 
stimuli as to their importance as causal factors in opening the 
doors. 

Out of 246 college students who served as Ss, only 6 absolutely 
refused to rank-order the stimulf, rightly insisting that the two 
factors were equally important and one could not be ranked ahead 
of the other. Responses of the other 240 Ss were examined to 
determine which factors were chosen as being important. The 
results show that two factors, size and position, stood out above 
all others as alleged causal conditions. Practically all ■S's ranked 
the figures appearing in all rows either first or second, but a figure 
was much more likely to be ranked first if it were larger than 
the other or if it were in the dominant position (such as the A’s 
in the illustration). 

The mean ranks for all characteristics are shown in Table 28. 
It can be seen that little bias attached to a given geometrical form 
as such and whether or not the figures were plain was of small 
consequence. The important point is that Ss preponderantly 
showed a bias toward certain features (size and position) even 
though those features are irrelevant causal factors in this problem. 

We have given three experimental illustrations of unanalyzed 
biases which may influence otu: responses in thinking. These will 
give an inkling of the possible sources of the irrelevant or inade- 
quate behavior which is often encountered in problem solving, 
our own and others. Though biases are no doubt due to sets 
invoked by past experiences, tracing them to their sources is a 
difiicult task. It is certain that the biases thus fiir experimentally 
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isolated are far outnumbered by those which have yet to be 
found. 


TABLE 28 

Efbeot of NoN-RATioNAn Factors on Thinking 



Mean Ranks 

1 


Square 

Circle 

Triangle 

Diamond 

Dominant Position 

1.12 

1.16 

1.14 

1.21 

Non-Dominant Position 

1.83 

1.89 

1.88 

1.87 

Large Size 

1.29 

1.32 

1.30 

. 1 

1.24 

Small Size 

1.73 

1.71 

1.77 

1.73 

No lines Across Face 

1.25 i 

1.66 

1,40 

1.71 

Lines Across Face 

1.36 

1.66 

1.30 

1.77 


Data from Morgan (270). 


Memory Factor 

The work on concept formation has suggested that concepts 
are more difficult to attain if S' has to draw on memory to supply 
the characteristic defining the concept. Thus, if the correct concept 
were animals; and cows, horses, pigs, and elephants were pictured 
together, the common factors among the pictures are evident. Let 
us suppose, however, that S is to form a concept of transportation. 
S is told that pictures of cows, sheep, bvuldings, and desks do not 
illustrate the concept (£ reports “wrong”), whereas pictures of 
horses, cars, elevators, and boats do illustrate the concept (“right”). 
Nothing concerning transportation is given in the immediate 
perception of the pictures; 5 has to import from memory this 
functional characteristic which holds for aU of one group of objects 
and not for the other. 

Such evidence as is available points toward the principle that 
the greater the dependence of thinking on memory, the slower 
is the rate of thinking. One pertinent experiment by Maier (241) 
may be used to demonstrate the probable existence of such a 
relationship. 
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Three groups of 25 Ss each were used. In the description to 
follow you will again note the continuity of the materials with 
those used in the previously discussed experiments. 

Group I. E and S, working together, constructed uprights by 
clamping boards together. Two sets of two uprights were made, 
each set being used to wedge another board against the ceiling. 
From each of the wedged boards two strings were suspended, 
far enough apart so that the tying-strings problem was presented 
to S. If S did not succeed with the problem in 10 minutes, E 
showed him the correct solution. When this problem was com- 
pleted, S was taken to the other end of the room and given two 
poles, 6 feet and 7 feel in length and instructed to build a hat 
rack strong enough to hold a heavy coat and hat. The solution 
to this problem, we have seen, is provided by clamping two poles 
together and wedging them vertically between floor and ceiling 
so that the arm of the clamp serves as the coat rack. 

Group n. The same experiences were given Ss in Group II as 
were given those in Group I. However, the structure used to 
suspend the strings was taken down and the parts removed from 
S's vision before he was presented the hat rack problem. 

Group m. This group of S's worked only on the hat rack problem 
— they were given no preliminary experience in building uprights 
by damping boards together. 

TABLE 29 



Influenoe or the Memory Faotor on Thinking 


Gnup 


Per Cent Failing 


28.0 


II 


52.0 


III 


76.0 


Data from Maier (241). 


The results of the attempts to construct the hat rack are given 
in Table 29. The data show dearly that Group I was superior to 
Group II, and Group II superior to Group III. This experiment 
demonstrates: (i) that past experience in solving a problem with 
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a given material will facilitate the solution of other problems 
using the same or similar principles and materials, and (2) that 
the facilitation provided by the past experience is greater if the 
stimuli associated with the past experience are given in the 
immediate perceptual field so that 5 does not have to rely on his 
memory. 

It must be understood, of course, that experiences are not 
remembered without stimuli. They are recalled on the Kaaig of 
current stimulus patterns, although we are often hard-pressed to 
point out the stimulus which evoked the recall of a past experience. 
However, if the experience recalled is inappropriate to the current 
problem situation, solution of the problem will be delayed. Maier's 
experiment shovra that appropriate experiences are recalled most 
quickly when the stimuli directly associated with the experiences 
are present. 

A somewhat related principle may be derived from KShler’s 
well-known work with chimpanzees (204). If several objects must 
be brought into functional relationship before a problem can be 
solved, this functional relationship is more likely to be perceived 
when the objects are spatially contiguous. Thus, if a chimpanzee 
had to stack two boxes in order to reach a banana, the chances of 
his being able to do this were increased when the two boxes were 
placed close together under the banana. If the first box were at 
one end of the case and the second at the other end, the correct 
stacking response was less likely to occur. 

We may extend this contiguity principle of spatial objects to 
memory relationships. If the solution of a problem is dependent 
upon iS'’s observing the functional relationships between several 
past experiences, any condition which tends not only to evoke 
memories of the pertinent experiences, but also to produce temporal 
contiguity of the memories, should facilitate problem solving. 
Unfortunately, such a statement has the status of an hypothesis 
since there are no data available to provide its verification. Note 
that the principle does not state that sheer recall of appropriate 
experiences automatically means that a problem is solved. Maier’s 
work shows that this is not true. However, temporal contiguity 
in the recall of appropriate experiences should increase the proba- 
bility that S will perceive the functional relationships among the 
stimuli involved in the problem. 
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MISCELLANEOUS PROBLEMS 
Animal Studies 

We shall describe briefly certain animal studies which may be 
considered to represent more complex forms of learning in animals. 
If there is true “thinking” in animals, these studies probably 
represent it. 

Delayed reaction experiments. In delayed reaction experi> 
ments S is shown two or more containers and observes E as he 
places food under or in one of the containers. S is not allowed to 
approach the container immediately and a barrier is placed 
between the animal and the container for the delay period. The 
basic problem concerns the length of time the animal can be 
delayed between his perception of £’s putting the food under the 
container and his making the correct response. Studies have been 
directed at an evaluation of the important variables which influence 
the length of successful delay. 

Combining past experiences. Maier has attempted to deter- 
mine whether rats can combine two separate experiences into a 
single experience. The typical apparatus involves three platforms 
placed so that they form the comers of a triangle. Elevated alleys 
run from each platform to make a junction in the middle of the 
triangle. Thus, any platform may be reached from any other via 
the elevated alleys. At the start of the experiment the rats are given 
time to explore the alleys and three platforms. On a test trial, the 
rat is given a bit of food on one platform, then carried to another. 
WiU the rat be able to combine past experiences so that it will 
run down to the junction and up the alley to the platform where 
food had been received, avoiding the other alley? It will (235). 

Discrimination learning. There have been many experiments 
on discrimination learning, using various types of apparatus and 
animals. We are already acquainted with certain of these tech- 
niques, such as the jumping technique and the T-maze. A recent 
publication by Harlow (141) gives a comprehensive survey of 
the various methods which have been used and some of the findings 
concerning stimuli (form, size, color, etc.) which are most easily 
discriminated. 

There are certain theoretical controversies regarding the mecha- 
nisms by which discrimination leanung is achieved. Since these 
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controversies are reflected in the theories of learning to be discussed 
in the next chapter, we shall not consider them here. 

Discrimination learning usually involves the training of a positive 
response to one stimulus and a negative response to another. The 
method has sometimes been called the method of contrasts. Trans-' 
position experiments are studies in which animals are initially trained 
to make a discrimination between two stimuli. Si are then tested 
on two stimuli having magnitudes of the same ratio as the training 
stimuli, but differing in absolute value. 

Descriptive Analysis 

We have not discussed the many introspective reports on think- 
ing which perhaps show something of the thought processes S 
goes through in reaching a solution to a problem. Previously, we 
have mentioned that these studies have not provided us with 
appreciable systematic knowledge regarding causal factors in 
thinking, ie., they have added little to our ability to predict. 

One of the most recent extensive descriptive analyses of think- 
ing, from a subjective point of view, is found in a book by 
Wertheimer (404). In this account he differentiates between rote 
application of past experience in a problem situation, on the one 
hand, and on the other, the application of past experiences with 
Tmderstanding of the relationships among those past experiences. 
His major aim is to show how "true” thinking resxilts in a unique 
response — z unique perception of inter-relationships among 
experiences. For a modern descriptive analysis of complex thinking, 
Wertheimer’s book should be read. 

Is Thinking Learning? 

We have arbitrarily called thinking a form of learning. The 
modifleation of behavior which occurs in thinking meets all the 
definitional requirements of learning. Yet, we would be mis- 
interpreting the status of thinking in American psychology if we 
left the problem at that point. Two facts should be pointed out: 
(i) very few psychologists are concerned about whether thinking 
is or is not learning, and (a) those few that are, vigorously assert 
that thinking — “true” thinking — is more than learning. Maier is 
the chief proponent of the latter point of view. 

Maier (240) does not conceive of many of the tasks we have 
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covered in this chapter as requiring true thinking. Concept for- 
mation, for example, is explained by Maier through a quite 
different set of principles than is thinking, as he has studied it 
among rats and college students. The term thinking, according to 
Maier, should be restricted to situations in which there is spon- 
taneous integration of past experiences; this sets it off from all other 
forms of behavior modification. This is not speculation on Maier’s 
part, since he adduces considerable evidence for his point of view. 

It is not our plan to attempt to reach a decision on this matter. 
We need only know that there are different points of view on 
this problem; at least, there are potentially different points of 
view, since many psychologists who have not committed them- 
selves on the matter in print would probably disagree with Maier. 
The question which must be ultimately answered is whether or 
not the basic principles which explain learning (conditioning, 
multiple-response) may be used also to explain thinking. 

FUTURE TRENDS 

We have seen that our knowledge of the relationships between 
manipulable variables and rate of thinking is meager and tentative. 
Rather than give illustrative experiments for certain variables, 
we have had to give the only experiment available. We have said 
that the amount of current research being done on thinking is 
small as compared with the amount being done on simpler forms 
of learning. Now we may ask, “Where do we go from here?” 

It seems what is needed is vigorous and widely-joined theoretical 
controversies centered around how people think. The current 
temper of scientific psychology is such that theoretical formulations 
point directly to potential experiments; if we had the theories 
they would certainly spawn research. It is to be noted that the 
few psychologists who have shovm sustained research interest in 
thinking (e.g., Heidbreder; Maier) have had theories which they 
were testing. We need more psychologists with theoretical insights 
in order to bring the status of research in the area to a respectable 
level. 

One of the initial needs for future research is a series of standard- 
ized tasks representing several levels of complexity. If Es did their 
work with such tasks, inter-laboratory communication would 
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be greatly facilitated. The systematic exploration of the influence 
of variables — all variables — for a variety of tasks, remains as the 
major empirical program. 


SUMMARY 

1 . Thinking has been identified as representing the most complex 
form of learning, involving a maximum of discovery of relation- 
ships among stimuli. Rational learning problems were taken as a 
representative transition task between multiple-response learning 
and thinking. 

2. In general the research on thinking is retarded as compared 
with the research on simpler forms of learning. Several reasons for 
this state of affairs were discussed. 

3. The following variables were shown to influence the rate of 
thinking: 

a. Massed vs. distributed training 

b. Type of material/ 

I. Length of task 

a. Nature of concept 
3. Intra-task similarity 

e. Set 

d. Memory factors 

4. Related work with animal studies was briefly outlined, and 
differing points of view concerning the relationship between 
learning and thinking were mentioned. 



CHAPTER XIV 


Learning IV — Theoretical Problems 


INTRODUCTION 

The writer once heard a story concerning an honored society 
of aged gentlemen which met once a week to exchange views 
and argue on various issues. It so happened that one of the members 
died and it was necessary to replace him. After assessing the 
various candidates, they finally chose a relatively young man who 
seemed to be wise in the ways of the world, at least verbally, and 
who they thought would fit nicely into their group. The first 
meeting which the young man attended was dedicated to the 
discussion of the probable number of teeth in a horse’s mouth. 
For an hour or so each of the elder gentlemen had many wise 
words to say concerning the number of teeth which he believed 
a horse had. In deference to his elders, the new member of the 
society spent most of the session listening. Finally, however, in a 
show of temerity, he baldly suggested that the meeting retire to 
the stable where it would be possible to count the number of 
teeth which a horse actually possessed. The elders, aghast at such 
an approach to the problem, immediately dismissed him from their 
circle and asked that he never return. The appeal to the empirical 
was not a part of their mode of thought. 

Contemporary learning theories are oriented by facts. Only 
after a horse has been observed is there a theory; the theory follows 
and is based on the observation of number of teeth. The sequence 
of events in formulating scientific theory is: facts -> theory con- 
ceming facts -> more facts to check on adequacy of theory -»■ 
revision or extension of theory and so on. Unlike the gentle- 
men in the story, the modem learning theorist neither starts 
nor stops with theory; fact finding and theory constmetion are 
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alternate, closely integrated steps. Nearly all current experiments 
on learning are designed to test directly or indirectly certain 
aspects of learning theory. In this chapter we propose to sample 
differences in points of view concerning the basic nature of learning, 
and to sample experiments which are presumed to give critical 
tests of these theoretical points of view- 


PRIMARY AND SECONDARY VARIABLES 

In three previous chapters we examined factors which were 
effective in determining the rate at which learning took place, 
and we called these factors the effective stimiUus variables or dimensions. 
These variables were discussed for their r6les in simple learning 
situations (conditioning) and fi>r complex learning situations 
(th inkin g). Thus, meaningfulness, complexity of conditioned 
stimulus, intra-task similarity, distribution of practice, and so forth, 
were all shown to influence the rate of learning. 

We have never spoken of conditions which are necessary or 
essential for learning. Thus far in our presentation we have tacitly 
assumed that learning is a fundamental, almost inevitable capacity 
of the organism. We now ask: “Are not certain conditions essential 
before any learning will take place?” “Are there not situations 
in which no learning will take place in spite of optimal distribution 
of practice, or optimal conditions of meaningfulness, or optimal 
conditions of intra-task similarity?” It is the purpose of this chapter 
to evaluate various hypotheses which are incorporated into learning 
theories and which are presumed to answer such questions as those 
above. 

A classification scheme. Let us call the experimental variables 
which we discussed in the preceding three chapters, secondary 
variables, and the empirical relationships between these stimulus 
variables and rate of learning, secondary laws or principles. We shall 
then call the variables to be discussed in this chapter primary 
variables which lead to primary laws of learning. (Two variables 
discussed in the previous chapters which would not be secondary 
are the temporal relations in conditioning and the ratio-of-reinforce- 
ment variable. As will be seen presently, these two represent 
variations in aspects of primary variables.) 

We shall see that a distinction between primary and secondary 



468 EXPERIMENTAL PSYCHOLOGY 

variables is not completely justified, but it may aid us somewhat 
in handling the rather difficult problems we face in completmg 
the study of learning. There are four variables which rank as 
primary: (i) motivation, (a) consequences, (3) frequency, and 
(4) contiguity. The central problems of current learning j:heory 
center around the mode of action of these four variables. 

I. Motivation. Ciommon observation suggests that motivation is 
a necessary condition for learning. Even to attend to stimuli the 
organism must be motivated. No learning theorist insists that 
appreciable learning does take place in non-motivated organisms, 
although there are differences of opinion as to the exact r 61 c 
which motivation is to be assigned in the learning process; some 
theorists say learning could take place in non-motivated organisms. 
The operation of motivation is closely bound up with the operation 
of incentives in most learning theories. 

a. Consequences. As a result of our discussion in Chapter VI, 
we are already acquainted with some of the problems related to 
incentive variation. The incentives arc the rewards and punish- 
ments; they are the consequences (or anticipated consequences), 
of a response or act. We shotild conceptualize the consequences 
of an act in terms of a continuum, with one half of the continuum 
indicating rewarding consequences and the other half punishing 
consequences. There would then be a neutral point, or zone, in 
the middle. 

Neutral 

Rewarding Consequences : Punishing Consequences 

From the neutral point out toward the ends the amount of punish- 
ing or rewarding incentive increases. At the empirical level the 
influence of "amoimt of consequence” on learning is a straight- 
forward experimental problem. E varies the amount of reward 
(or punishment) and measures the rate of learning which results 
for each variation. It should be noted, however, that we cannot 
define the nature of consequences in terms of their influence on 
rate of leansing. If a consequence hastens learning we cannot 
therefore define it as a reward. We have to define the dimension 
independent of the rate of learning. 

Definition of the dimension of consequences has been achieved 
on the verbal level by Thorndike (380). A consequence to which 



THEORETICAL PROBLEMS 469 

the organism shows approach responses would be a reward; a 
consequence to which the organism shows avoidance responses 
would be a punishment. If the organism neither avoids nor ap- 
proaches a given incentive, it wotild be classed as a neutral conse- 
quence (assuming no ambivalence or conflict). Strength of approach 
and avoidance responses would indicate the amount of reward 
and punishment respectively. 

We will recognize that most approach and avoidance responses 
are in themselves learned so that a definition of consequences is 
not completely independent of observations of learning behavior. 
However, the incentives which are typically used evoke fairly 
stable responses the learning of which has long since taken place. 

In actual practice the pre-testing of the nature of consequences 
is seldom carried out, although it could be; a rat would approach 
food, and avoid shock. Given these independent observations for 
a given motivational state, we could then proceed to discover 
what influence such incentives had on learning. The scientist 
generalizes to members of a species from a sample and since it is 
common observation that rats approach food and avoid shock, he 
does not feel obliged to test each rat for its reactions before an 
experiment. If incentives do facilitate or retard learning, it is a 
part of the theorist’s problem to make assumptions as to how 
this facilitation or retardation takes place. 

3. Frequenty. The frequency variable might seem so obvious 
that its importance could easily be overlooked. We already know 
that at least a frequency of two repetitions is necessary before 
learning can be measured and we also know that it is customary to 
plot learning curves by placing frequency (number of trials) 
along the base line. However, frequency becomes a theoretical 
problem when we pause to inquire what is frequent. What is 
frequent that is critical for learning? The response? The stimulus 
and response combined? The response and reward? Some theories 
have fundamental disagreements over the answers to these ques- 
tions. 

4. Contiguity. We have already examined some of the empirical 
relationships between rate of learning and contiguity of certain 
aspects of the learning situation. There are differences of opinion 
concerning the relative importance of certain “contiguities”: Is 
the temporal interval between stimulus and response the critical 
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one, or is it the interval between response and reward? We call 
this variable primary because empirical data show that if the 
intervals between stimulus and response, and response and conse- 
quence are too long, no appreciable learning will take place. 

Let us schematize the relations between primary and secondary 
variables by the structure in Fig. 75. This structure shows each 
primary variable underlying all secondary variables. By this is 
implied first of all that the primary variables must be present in 
certain minimal amounts before learning will take place. Increas- 
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Fio. 75. A structure to schematize the dependence of secondary variables on 

primary variables. 


ing the amount of the primary variables beyond this minimum 
also affects the rate at which learning takes place. The exception 
isfrequmy, since frequency is necessary only as a vehicle to allow 
learning and to measure rate of learning. In a sense, frequency 
underlies all variables since a minimum frequency (repetition) 
of one sequence of specified events must take place before learning 
occurs, and two frequencies before learning can be measured. 
The secondary variables are entirely dependent on the primsuy 
variables — if we remove the primary variables, manipulation 
of the secondary variables would have no influence since lear ning 
cannot take place without the primary variables. However, 
given at least a minimum amount of all of the primary variables, 
the rate of learning will be influenced by manipulation of the 
secondary variables. 

It must be clear that not all theorists will agree with the classi- 
fication of primary and secondary variables. Some of the variables 
which here appear as secondary would be placed by some authors 
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in the primary classification, whereas certain of the primary 
variahles might be placed in the secondary classification. For 
example, some theories which strongly stress the perceptual aspects 
of learning would probably include intra-task similarity as a 
primary variable, since it influences the ease of perceiving various 
aspects of the situation. Other theorists say that incentives (conse- 
quences) are not necessary for learning to occur. In spite of dis- 
agreements over the classification of primary and secondary 
variables, current psychological writing shows that the major 
theoretical problems stem from different preconceptions concerning 
the mode of action of the primary variables as here listed. 

Let us turn briefly to some general aspects of theory construction 
and follow with a discussion of the r6les assigned the primary 
variables in different theories. 

ILLUSTRATIVE THEORIES OF LEARNING 

Theories are attempts to give explanations of observed pheno- 
mena on the basis of given empirical relationships. For example, 
distributed practice usually facilitates learning — this is an empirical 
relationship. The theorist attempts an explanation by suggesting 
processes (and their characteristics) which might produce the 
ascertained empirical relationship. 

Theories and scientific development. Theory building 
usually leads to an intermediate stage in the development of a 
science. As pointed out in the first chapter, theories carry experi- 
mentation in a given area from the I-wonder-wiAaf-would-happen 
stage to the I’ll-bet-rtif-would-happen stage. The scientist, having 
established some empirical relationships in the first stages, becomes 
curious about the underlying processes which could produce such 
a relationship. Consequently, he begins to propose possible explana- 
tions or hypothesize. And, as we also pointed out in the first 
chapter, if the theory is to be maximally useful, it must suggest 
relationships which have not been observed as yet but which are 
open to investigation. Further experimentation thus takes the form 
of seeking for empirical relationships which are suggested by the 
theory, and we have the I’ll-bct-this-would-happen stage. Our 
confidence in the basic theory is strengthened predictions are 
verified, and weakened if they are not verified. 
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In earlier chapters research areas were mentioned in which 
investigation has virtually ceased for want of a theory. At these 
points no one has formulated a theory. which would push experi- 
mentation from the I-wonder stage to the I’ll-bet stage. Whole- 
part learning is a small area which seems to be moribund for want 
of theory. Thinking is a larger area which as a whole seems to be 
stalemated for lack of a comprehensive theory. 

Levels of generality. It is agreed that theories may be of 
several levels of generality. A theory may be formulated to account 
for only a very restricted segment of behavior, or it may be 
elaborate enough to account for a wide range of behavior. Thus, a 
very restricted theory would be one which attempted to explain 
the bowed serial-position curve. A less restricted theory would be 
one to interpret the bowed serial-position curve, and remote 
associations, and the superiority of distributed over massed practice. 
A still more general theory might attempt to account for all 
multiple-response learning phenomena. Theories which have been 
devised to explain the smaller areas of behavior are sometimes 
called miniature ^sterns. 

The nature of learning theory. Ideally, a theory of learning 
would account for all known empirical I'elationships. It is perhaps 
unnecessary to state that we have no such broad theories. Most 
theorists have restricted themsdves to building miniature systems. 
Yet, a few have attempted to account for a fairly wide range of 
behavior, and it is their work which we propose to sample in 
the discussion to follow. 

The theories to be discussed have evolved largely from animal 
experimentation but are intended ultimately (with elaboration) 
to apply to all learning. Animal experimentation has provided a 
convenient means for isolating certain variables, especially those 
concerned with motivation. We shall not deny, however, that 
there are difficulties encountered when one tries to apply to 
human learning the theories derived from white rat learning. 
However, the problems which the theories raise are by no means 
problems of animal behavior only. Many human experiments 
have taken their cues from animal experiments, and we shall find 
many incidents in our own experiences which seem to illustrate 
the basic assumptions made by the theorists. Although these 
personal illustrations do not validate the assumptions, they may 
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alleviate the feeling that the theories are exclusively theories of 
animal learning. 

We shall illustrate learning theories by considering (i) a goal- 
reinforcement theory, (a) a perceptual-learning theory, and (3) a 
contiguous-conditioning theory. It would be presumptuous to 
believe that it is possible to outline these theories fully in a few 
pages, when originally it took several volumes to present them. 
We shall, however, be able to state the basic assumptions of each 
theory in simplified form and point out differences in them. A 
recent book by Hilgard (151) reviews in some detail a dozen 
different learning theories which influence modern psychology, 
so it is clear tliat the three theories we consider here are only 
samples. 

Goal-Reinforcement Theory*" 

This theory is given its most recent and extensive treatment by 
Hull (165). The theoretical system as it stands today is based 
largely on conditioning data — unitary response learning. Future 
volumes are promised to provide a theoretical framework for 
multiple response acquisition, especially maze learning. The theory 
is thoroughly grounded in experimental data, and is stimulating 
a great amount of research. 

The key assumption of the theory is a modern statement of the 
law of effect which we can approximate for the present by saying 
that the consequences (rewards or punishments) of a stimulus- 
response sequence are critical in determining whether or not 
learning takes place. Hull has borrowed most directly from 
Thorndike (378, 380) for his ideas on the rdlc of effect. There 
are 16 basic postulates in Hull’s system and many corollaries, of 
which we shall include only the more critical ones. The theory 
will be outlined in terms of the four primary variables previously 
discussed, although we shall treat motivation and consequences 
together. Experiments designed to test propositions deduced from 
the theory will come under our attention later. 

* To summarize these theories the writer has used original sources (cited in 
text); interpretative material by Hilgard (15O. Spence (36a), White (405); the 
discussions in the 1943 Teatbook <(f the National ifoeiep/or the Stu^ qf Edueamn (147), 
and many discussions accompanying experimental reports. 
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Motivation and consequences. There are three points to be 
considered. 

1. Motivation, in the energizing sense, must be present before 
learning will take place. 

2. Whenever a stimulus and a response occur together, and 
this in turn is followed closely by a reinforcing state of affairs, the 
functional connection between the stimulus and response is 
strengthened (law of effect). By this it is meant there is an increase 
in the probability that upon future presentation of the stimulus 
the response will occur. 

3. A reinforcing state of affairs is brought about by two 
conditions : 

a. By the reduction of a motive (a pellet of food reduces strength of 
hunger motive; cessation of shock reduces escape motive). This is 
primary reinforcement. 

b. By stimuli which have been associated with primary reinforcement. 
This, we know, is secondary or symbolic reinforcement. In humans, 
Thorndike’s confirming or “O.K.” reaction may be thought of as 
secondary reinforcement. Thus S, saying the response GUZ to the 
stimtJus TOR, and then seeing that GUZ h correct or “O.K.,” 
has his response confirmed (reinforced). 

Frequency. Since each occurrence of the stimulus-response 
sequence when followed by reinforcement increases the probability 
that the stimulus will in the future evoke the response, level of 
learning is closely related to frequency. The important frequency 
is that of stimulus-response-reinforcement sequence, not merely 
frequency of stimulus and response pairing. Each occurrence of 
this sequence builds up cumulatively a certain amount of associative 
strength between stimulus and response. 

Temporal contigiiity. Two aspects of this variable are im- 
portant for goal-reinforcement theories: (1) the temporal relations 
between stimulus and response in Procedure I (Pavlovian situation), 
and (2) the temporal relations between response and reward in 
Procedure II (Skinner-box). The data in Chapter XI have shown 
that in Procedure I the optimum interval between stimulus and 
response is somewhat less than i second, and for Procedure II 
simultaneity of response and receipt of reward is optimal for 
learning. 
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Perceptaal'Learning Theory 

The perceptual-learning theory has been given its most elaborate 
statement by Tolman (386). Whereas Hull’s theory is based largely 
on conditioning situations, Tohnan’s theory stems primarily from 
simple and complex maze leamii^ with rats. Because the theory 
is grounded in experimental work, because certain predictions 
which stem from the theory are testable, and because it stands in 
opposition to goal-reinforcement theories, it too is currently 
provoking considerable experimental work. 

This theory differs basically from a goal-reinforcement theory 
in that it assumes rewards do not strengthen Junctional connec- 
tions. Rewards only “call out” behavior which depends on the 
organism’s perception of the situation. Acquiring this perception, 
not acquiring responses, is learning. Rewards do not strengthen 
directly. 

Learning, according to the perceptual learning theory, takes 
place when an organism perceives a stimulus and its significance. 
A rat in a simple T-maze will, after a few trials, perceive that 
the stimuli at the choice point indicate that “down that alley” 
there is a stimulus (food) which has significance for him. Food, 
as opposed to no food, does not increase the response tendency 
by reducing motivation; instead, it aids in sharpening the percep- 
tion of the relationship between the stimuli of the choice point 
and the stimuli of the goal box. Other factors which aid perception 
will also help in the formation of this relationship. 

Learning thus becomes equivalent to “seeing” that such and 
such a stimulus followed by such and such behavior (running) 
will lead to the goal box. Learning is the acquisition of certain 
bits of information about the relationship of various stimuli in 
the environment, so that one stimulus arouses the expectation of 
others. Learning is thus the establishment of certain sets or disposi- 
tions to act in certain ways when the rignificant stimuli are present. 
Factors which bring about learning are factors which increase 
the clarity of the perceptual relationship among stimuli in the 
environment. 

If it appears puzzling to us that rats have all these capabilities, 
let it be said in Tolman’s defense that most of the terms are ade- 
quately defined in terms of experimental operations. But now, let 
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us be more systematic and precise with this theory by discussing 
it in terms of the four primary variables. 

In outlining this theory, let us consider a simple T-maze in 
which the starting point is A, the junction is and the ends of 
the two arms C and D. As we advance point by point through 
the theory, we shall refer to various events which are assumed to 
occur in the T-maze. * 

Motivation and consequences, i. Suppose we could put a 
completely non-motivated animal in the maze. If this could be 
done, the rat would show very little activity. According to this 
theory, motivation is necessary for learning, but only because it 

arouses the organism to explore the 
1^ 1 environment and attend to stimuli. 

2. Next, suppose we put food in the 
box at C and use a hungry rat as S. 
In the succeeding trials the rat 
^ quickly learns to go to C from A. 

The goal-reinforcement theorist says 
that this increase in performance is due to the fact that food 
serves as a primary reinforcement to strengthen the stimulus- 
response sequence which preceded it. The perceptual-learning 
theorist, on the other hand, maintains that what actually happens 
is that the rat experiences stimuli at A followed by stimuli at B, 
and thus builds up a bit of information that A, followed by appro- 
priate locomotion, leads to B. Furthermore, B becomes experienced 
contiguously with C; hence, another bit of knowledge is established 
that B, followed by running in “that direction” leads to C. Since 
we presume that the animal occasionally went from B to D, the 
information that B followed by running in “that direction” leads 
to is also built up. 

Now, this learning of stimulus relationships could take place 
without food in the box at C. If we let a rat explore the maze for 
a period of time before placing the food at C, we should expect, 
by this theory, to find its performance following introduction of 
food considerably superior to that of a rat which had not had 
the exploratory trials. In short, perception of the relationships 


*No implication is intended that other theories, e.g., goal-reiniorcement, 
cannot account for the simple behavior phenomena to be discussed. The terms 
predUSon, amuutfor, etc., are used for expository purposes. 
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among Stimuli is learning, and these percepts can he acquired, 
according to this theory, in the absence of food. In the maze tire 
pertinent perceptual relationship concerns the spatial relations of 
various stimuli both within and outside the maze. Placement of 
food at C following exploratory periods allows learning which took 
place during exploration to show itself in the performance. 

Why does the rat learn the path to food? Why doesn’t it take 
the path to D as often as it does to C? The answer is that food 
serves to distinguish the stimuli at C from those at D, With food 
at C, the rat learns that stimulus B followed by running in that 
direction leads not only to C but also to C and food. Thus, this 
bit of information is distinguishable from the B to D relationship, 
since D does not include food. Food helps to sharpen differences 
among the two sets of stimuli, and if the animal is hungry, it will 
go to C. 

Fveqaency. To account for learning curves, frequency becomes 
a critical variable for a perceptual-learning theory. However, 
what this theory holds important is that stimuli frequently appear 
in close relationship, and not, as the goal-reinforcement theorists 
say, that slimulus-response-rcward is frequent. 

Contiguity. This theory stresses contiguity between stimuli. 
The more temporally contiguous is the perception of two stimuli 
the more rapid is the learning, i.e., the more rapidly the animal 
learns that A leads to B. The significance of the relationship 
between the stimuli at two ends of a short-alley maze should be 
learned more rapidly than the significance of the relationship 
between stimuli at the end of a long-alley maze, because the 
former are spatially and therefore temporally more nearly con- 
tiguous. 

A few other comments should be made about the perceptual- 
learning theory. According to this theory, stimuli of any nature 
which distinguish one experience from another will facilitate 
learning. Perceptual experiences cannot become discrete unless 
the stimuli which cause them are discrete. In a sense, this is the 
point made in our discussions of the r6le of similarity in learning. 
The more dissimilar are items in a given series the more rapid is 
the learning. It is likewise true that if different sections of a maze 
are given distinguishing characteristics, learning will be more 
rapid than if the sections are relatively homogeneous (similar). 
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Perceptual learning theorists predict behavior only under known 
motivating conditions. Without such known motivation, the 
theorists can only assiune that the organism “knows” that if a 
certain stimulus is followed by a certain response (such as run- 
ning), it will lead to another stimulus. Unless the animal is appro- 
priately motivated, however, such running behavior need not 
take place. It is presumed that if the animal could perceive the 
stimulus at .d in a maze in conjunction with those at B, learning 
would take place even though the rat had never travelled from 
AXa B, 

The theory may be exemplified in human behavior. Suppose 
we visit a city for the first time. Standing on a comer we look 
down the street and see the marquee of a theater. According to 
the perceptual-learning theory, having contiguously experienced 
stimuli-at-corner and stimuli-at-marquee, we have learned that if 
we did wish to go to the theater (if we were motivated) we could, 
from that comer, walk a few blocks and be at the theater. Learning 
has taken place without overtly making the response of walking 
from corner to theater or bring satisfied by so doing. 

The theory emphasizes the place nature of learning as demon- 
strated by the rat in the maze. The rat learns, so to speak, that the 
goal box is “over there” — ^under that light or close to the radiator. 
The rat doesn’t learn to make a right turn to this stimulus, or a 
left turn to that one. The rat, in effect, constructs the functional 
equivalent of a “mental” map of the maze. The locomotion in 
going to and from various stimuli in the maze is relatively inconse- 
quential to learning; it does, however, allow the stimuli to be 
ejqperienced contiguously. 

Gontignons-Conditioning Theory 

This theory has unique principles which set it off clearly from 
both the theories which we have outlined. It is largely the work 
of E. R. Guthrie and is found in two of his books (laB, 129), 
both of which are written in such fashion as to contrast sharply 
with either Tolman’s or Hull’s presentation. Guthrie uses neither 
mathematical constructs nor a new system of terminology; he has 
made neither a formal presentation nor a rigid step-by-step analysis 
of his theory. In addition to the selected experimental data 
which Guthrie examines in light of his theory, he leans heavily 
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on anecdotal evidence. Some of his anecdotes are becoming classic 
illustrations. For example, here is an illustration of conditioning; 


Two small country boys who lived before the day of the rural use of 
motor cars had their Friday afternoons made dreary by the regular visit 
of their pastor, whose horse they were supposed to unharness, groom, 
feed and water and then harness again on departure. Their gloom was 
lightened finally by a course of action which one of them conceived. 
They took to spending the afternoon of the visit re-training the horse. 
One of them stood behind the horse with a hayfork and periodically 
shouted “Whoa” and followed this with a sharp jab with the fork. 
Unfortunately no exact records of this experiment were preserved save 
that the boys were quite satisfied with the results (128, p. 48). 

Guthrie’s basic principle is drawn from old associationistic 
doctrine, but is given restatement in conditioning terminology. 
The associationistic doctrine is based on the idea that when two 
events (psychological processes) occur together in time, there is an 
increase in the probability that one will evoke the other. Contiguity 
of events thus becomes the basic variable in the learning situation. 
Temporal contiguity provides the key to learning; jjf two events, 
namely, a stimulus and a response, are contiguous, that is the single 
sufficient condition for learning. In the story the stimulus “Whoa” 
and the response of jumping at the prod of the fork were con- 
tiguous. For Hull, the reduction of motivation is the basic condition 
of learning; for Tolman, contiguity between stimulus events is the 
prime factor, and for Guthrie, the critical condition is contiguity 
between stimulus and response. 

Another unique aspect of Guthrie’s theory is his insistence that 
the association which is established is an all-or-none affair after 
a single contiguous occurrence of the two events. If this seems 
contradictory to the observation that associations are learned 
gradually, it only appears so on the surface as we shall soon see. 

A negative principle which underlies Guthrie’s theory is that 
motivation need not necessarily be present in order that learning 
may take place. All that is necessary is that a response be produced 
in some fashion and it will thereupon become connected to the 
stimulus pattern existing at the time of occurrence. The fact that 
learning appears to take place only in motivated organisms does 
not negate the principle, since motivation may and usually does 
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act as a “forcer” of the response. If the response could be forced in 
some fashion other than by motivation, learning would take place. 

Now, let us restate the essential features of the theory around 
the four primary variables. 

Motivation and consequences, i. Motivation is not a pre- 
requisite for learning. It is usually present when learning takes 
place, because motivated organisms are more likely to make 
responses than non-motivated organisms. 

a. The response which is conditioned is a physical response, 
such as movement of muscles, and no assumption is made as to 
what the movements accomplish, i.e., whether or not the organism 
gets a reward. Responses which are evoked just before the receipt 
of a reward appear to be strengthened by the occurrence of the 
reward only because the reward markedly changes the stimulus 
complex, thus preventing other responses from becoming associated 
with the stimulus complex which elicited the response. The stimulus 
complex includes not only external cues but also intraorganic 
stimuli resulting from movements and motivational states. The 
last response made to a given stimulus (recency) is the one which 
remains associated with that stimulus. The reward changes the 
stimulus situation, “preserving” it from other responses which occur 
and therefore replace the response which led to food. 

3. Although conditioning takes place in a single contiguous 
occurrence of a stimulus and a response, we know that some 
associations are learned more rapidly than others. Responses which 
are made when, the organism is under a state of excitement (strong 
motivation) appear to become attached to stimuli more quickly 
than those associations formed imder relative quiescence. We 
must recognize that the stimulus complex is not only a discrete 
external stimulus such as a bell, a light, or a hayfork. In addition, 
the stimulus complex is made up of proprioceptive stimuli existing 
at the time the response occurs. Movement stimuli may become 
associated with responses, and under strong motivation a great 
many more of these internal stimuli are so associated. The notion 
of motivational excitement as a principle of learning is called 
mvidness or intensity. 

Frequency. Learning takes place when a s t imulus occurs 
contiguously with a response; learning is complete with this 
single conjunction. We observe a gradual rise in the frequency of 
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response from trial to trial because we are unable to control the 
stimulus conditions so that the same complex of stimuli is present 
on each trial. Each time the response is made the stimulus situa- 
tion is slightly different. Gradual learning appears to be observed 
because each new trial (frequency) increases the number of cues 
which have become conditioned to the response. The learning 
curve presumably reaches an asymptote when all possible stimulus 
components have become conditioned stimuli to the same 
response. 

Contiguity. As we have already mentioned, contiguity of 
stimulus and response is a necessary and sufficient condition for 
learning. All other principles actually become secondary. 

ILLUSTRATIONS OF EXPERIMENTAL TESTS 
OF THE THEORIES 

None of the three theories we have discussed is comprehensive. 
All of them have been seriously applied only to simple forms of 
learning, and in no case has a theory been shown to account for 
all known facts even at the simple learning level in animals. As we 
have mentioned before, it is difficult to get tests of tlie theories 
at the human level where motivational factors are difficult to 
control, so the emphasis is on animal experimentation. It must be 
understood that this is not the place for a comprehensive evaluation 
of the theories} we shall simply give illustrations of attempts to 
test the theories. There are no grounds as yet for saying that this 
theory is no longer tenable whereas that one is, although we may 
say this about certain single features of a theory. 

Tests of the Contiguous-Conditioiiing Theory 

Certain of Guthrie’s principles arc probably untestable. For 
example, it would be like chesing a will-o’-the-wisp to test the 
basic idea that learning is an all-or-none affair with a single con- 
junction of stimulus and response. No matter how carefully E 
might attempt to reproduce stimulus conditions on a second trial 
to test the learning which may have occurred on the first, it can 
always be said when the response doesn’t occur on the second 
trial (and it usually doesn’t), that it is because the stimulus situa- 
tion for the second trial was not exactly the same as for the first. 
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Few direct tests of Guthrie’s theory have been attempted, and 
as compared with the other two theories reviewed, it has provoked 
little experimental work. However, certain data are available and 
pertinent to some of the principles. 

The Loncks’ study. Guthrie’s theory states that all that is 
necessary for learning to take place is that a response be produced, 
and the stimuli present at the time will thereby become cues for 
the response. To test this theory E must in some fashion elicit a 
response which is not followed by reward or punishment, smee 
only by this method can he determine whether learning will take 
place in the absence of such consequences. Loucks (ssig) used 
three dogs in his study. By a minor operation tiny wires were 
inserted into the motor area of the cortex. The wires were in 
turn connected to a small coil on the skull so that another induc- 
tion coil could be used to stimulate electrically (but apparently 
without causing pain) the motor area of the cortex. The dogs 
were put through a training period in which the CS was a buzzer 
and the US a shock to the cortex, the shock eliciting foreleg flexion. 
Thus, the response of leg flexion was being forced by electrical 
stimulation of the cortex. If Guthrie’s assumption is correct, after 
a reasonable number of pairing^ the buzzer itself should elicit leg 
flexion. 

Loucks gave the animals 600 trials at the rate of so trials a day, 
but at the end of training no evidence for conditioning was observed, 
i.e., the buzzer would not elicit leg flexion. After these 600 trials 
the procedure was changed slighdy, a bit of food being given 
after each leg flexion. Under these conditions, learning took 
place rapidly. After the CR had been established, the food reward 
was removed, and the response promptly extinguished. Thus, 
Loucks’ study gave no evidence of learning when a CS was con- 
tiguous with a response unless that response was followed by 
reward. Therefore his results do not support a contiguous condi- 
tioning theory. Comparable results have been found in another 
similar study (224). 

The Seward test. Guthrie holds that the last response made to a 
stimulus is the response learned. All other responses which were 
previously associated to the stimuli are dissociated when the new 
response occurs. This is a principle of recency, and Seward (346) 
sought a test of it. He reasoned that if an animal, after making a 
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response, was immediately taken out of the situation and then 
later put back in, the response should again be made, since it was 
the last one elicited by the situation. Rats were placed in a Skinner- 
box, and as soon as they made a lever-pressing response tlaey were 
talfftn out of the box. Members of another group obtained a pellet 
of food for pressing the lever before they were removed. A control 
group was neither removed from the box nor given food for pressing 
the lever. Each rat of the two experimental groups was given 
20 trials, a trial being one lever-pressing response followed by 
removal. The animals of the control group merely spent r minute 
in the box each day. 

Seward’s results show that the rats which were removed from 
the box immediately after pressing the lever did learn, as measured 
by a decrease in time, to press the lever. However, the amount 
of learni ng was quite small as compared with the group given 
food before removal. Extinction trials, in which the animals were 
left in the box for 7 minutes for 3 consecutive days, show that 
the removed group made more responses than did the control 
group. Thus, there is some evidence for this particular aspect of 
the Guthrie theory, and while the learning which did take place 
by removal may be quite inefficient as compared with rewarded 
learning, some learning did occur. It may be, of course, that 
removal from the box had some reward value for the animals, 
although it is difficidt to specify what that is, since considerable 
precaution was taken against secondary rewards being operative 
and against the rats receiving food for some time after removal. 

In an additional experiment (347) Seward and his students took 
a different approach to the problem. According to the contiguous- 
conditioning theory, the last response to a stimulus is the only 
one which remains attached to the stimulus. If this is true, and if 
two responses are attached successively to the same stimulus, only 
the second one should be given later to that stimulus. Seward 
required human Ss to learn two motor responses to the same 
stimulus and then tested to see if only the second occurred. He found 
that the first learned response occurred just as frequently as the 
second. There are many data from verbal learning which would 
support this finding. It should be pointed out, however, that such 
a result does not negate the Guthrie assumption. Although the 
second stimulus may appear to be objectively the same as the 
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first, there are probably other factors by which one might dis- 
tinguish between the two. Learning the second response does not 
necessarily remove the first response, since it may have been 
given to a slightly different stimulus pattern. Since we might say 
that the basic theory could not possibly be tested, we must there- 
fore assert that the above results do not negate the theory as 
stated. 

Guthrie’s own work. Several of Guthrie’s assumptions, espe- 
cially those concerned with protection from dissociation of the 
last response made to a situation, have been derived from his 
experimental work with cats in puzzle boxes (131). On a series of 
trials the cat was placed in the box, and when it hit a pole the door 
opened, allowing access to a bit of sahnon. Few quantitative data 
have resulted from this work; rather, a series of pictures of the 
cat’s movements in getting out of the box is presented. Guthrie 
has placed considerable emphasis on movement stimuli, that is, 
stimuli produced by the organism’s own movements which serve 
as stimuli to successive movement responses. Movements and 
postures make up the behavior which Guthrie is primarily interested 
in predicting, not how soon the correct response is hit upon or 
what goal the correct response achieves for the animal. 

To appreciate fully the evidence on which Guthrie bases this 
theory, it would be necessary to observe the movies or the many 
drawings of successive postures of the cats in the box. The best 
we may do, however, is to quote his basic statement concerning 
these studies : 

We may summarize our generalizations of the puzzle-box behavior as 
follows: The behavior of the cat on one occasion tends to be repeated 
on the next, even to occasional prolonged series of movements about the 
cage. Exceptions to this are either the results of a different entrance, 
which initiates a different line of acdon, or the result of accidental 
distractions, which may deflect the behavior from its former sequence; 
moreover, when the cat has been in the box for a long time, responses 
made later in the trial may supplant those made earlier. 

The most stable response is die one which ends in release from the box. 
In some instances this is a comparatively long series of movements ending 
in exit. The reason for its stability appears to be that escape removes 
the animal from the puzzle-box situation so that no reassociation may 
occur. All response scries tend to recur, but some of them are lost when 
the animal remains in the box and is compdled to new action. Tht cat 
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learns to escape in one trial and will repeat the specific movements of its 
first escape except is so far as new trials by accidental variations of 
situation cause new associative connections to be established. A protracted 
trial breaks up the sequence of movements by superimposing new behavior 
in the same situation. Time, therefore, tends to be reduced with repetition 
(131, p. 41). 

It is not, of course, inevitable that the empirical facts upon 
which Guthrie bases the generalizations must be explained only 
by a contiguity-conditioning theory. Other theories can ade- 
quately embrace the findings. Yet, the relative simplicity of the 
tiieory has won it many adherents, and we shall very likely find 
it intriguing experimentalists for some time to come. No more will 
be said here about the contiguous-conditioning theory. The experi- 
ments to follow are concerned with the perceptual-learning and 
goal-reinforcement theories. 

Latent Learning 

The studies we shall examine under this heading probably 
represent as near “crucial” tests of opposed theoretical points of 
view toward learning as it is possible to devise at present. The 
opposed theories in question are the perceptual-learning and goal- 
reinforcement theories. The word crucial has been placed in 
quotation marks because the data as they stand today are contra- 
dictory; one set of data entirely supports one theory, whereas a 
different set just as strongly favors the other. The nature of the 
experiments from which each set of data has been derived is 
somewhat different, but both are presumed to test the same basic 
proposition. Let us review this proposition. 

The perceptual-learning theory assumes that learning consists 
in the perception of relationships between stimuli. Simplifying to 
it baldest terms, if an organhsm experiences contiguously one 
set of stimuli. A, with another set B, which includes food, it will 
on later occasions expect B when A is present. The goal-reinforce- 
ment theory assumes that in order for stimulus .d to be followed 
by a response which leads to B, A and the response must have 
been followed previously by motive reduction as a result of eating 
food at B. 

It appears that here is a clear-cut difference in theory which 
can be put to crucial experimental test. If a rat goes from A to B 
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and gets no food, or does not eat food at B because he is satiated, 
learning should take place according to the perceptual learning 
theory and should not take place according to the goal-reinforce- 
ment theory. Experiments of this nature are called latent learning 
experiments. Latent learning would be learning which, in so far 
as E can tell, has taken place without reward being present. First, 
we shall consider studies which support the perceptual-learning 
theory and then studies which support the goal-reinforcement 
theory. 

Buacton’s experiment. Buxton (53) used several groups of rats 
in his experiment, but we shall consider procedures for only two 
groups since they will provide us with adequate knowledge of 
methods and results. A multaple-T maze widi ta choice points 
was the basis for the learning problem. A group of male rats was 
placed in the maze on three consecutive nights for about x6 hours 
each night. None of the rats had been fed and watered for several 
horns before being placed in the maze, so we may assume that 
they were quite hungry and thirsty before the night was over. 
The maze had the usual starting box and food box, but at no time 
during the three nights was food or water present in the magfi. During 
the three nights the rats did, of course, explore the maze thoroughly, 
and descriptively we might say they had opportunity to get 
acquainted with it. 

Following the three nights’ experience, each rat was individually 
placed directly in the food box, then containing food, and after 
being allowed to eat for about 30 seconds, was removed firom the 
food box and placed in the starting box. The question was; “Did 
the rats learn anything about the maze during the three rewardless 
nights?” 

To answer this question, it was necessary to have a control 
group which had had no initial experience in the maze. This 
group consisted of animals which spent three nights in a straight- 
alley maze located in the same room as the multiple-T maze. 
Placing the straight-alley maze in the same room gave the control 
group the same opportunity to “get used to” the same noises, 
smells, lights, and objects outside the maze to which the experi- 
mental group was exposed. Thus the control group had exactly 
the same experiences as the experimental group except for 
multiple-T maze exploration. The control group was tested in 
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the multipIe-T maze in the same fashion as the experimental 
group; fitst they were allowed to eat food in the food box and 
then they were removed to the starting box for their first run. 

If latent learning took place, we would expect the performance 
of the control group to be poorer than that of the experimental 
group. The first trial is the critical one. The results, in terms of 
number of errors made at each choice point for the two groups 
On the first trial, are shown in Fig. 76. Two facts stand out in 



Fio. 76. Latent learning in a multiple-T maze. Data from Buxton (53). 

this graph: (i) the total number of errors made by the control 
group is considerably greater than the total made by the experi- 
mental group, and (9) the munber of errors made at each succes- 
sive choice point by the experimental group gradually reduces in 
frequency as we go from the first to the twelfth. This latter find- 
ing is indicative of the goal gradient with which we are already 
familiar (Chapter XI), for it shows that fewer errors were made 
by entering blinds close to the goal box than were made by entering 
blinds immediately after leaving the starting box. Since this 
phenomenon appears on the first rewarded trial, we must infer 
that learning had taken place during the nights the rats spent in 
the maze. 

Another aspect of the goal gradient is that the speed of locomo- 
tion of the rat increases as it runs firom the beginning to the end 
of the maze. This evidence of learning was present on the first 
rewarded trial for the experimental group, but not for the control 
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group. Thus, we have further evidence from which we must infer 
that learning had taken place before the first rewarded trial. 

On the surface these results may appear quite reasonable. Why 
shouldn’t the rats that had spent three nights in the maze know 
how to get around it? Why shouldn’t they run faster than the 
control group which had never been in the maze before? From 
the goal-reinforcement point of view, however, explanation of 
these results is not simple. The goal-reinforcement theorist must 
ask: “Where is the reward or the reinforcement which occurred 
during the nights the rats stayed in the maze?’’ According to this 
theory there must be motive reduction or symbolic reward of 
some kind before learning will take place. Certainly the rats were 
motivated — they were hungry and thirsty — ^but they got neither 
food nor water, and there is no reason to believe that secondary 
reinforcement of any kind was present. These are the puzzling 
problems which the latent learning experiments of this type have 
raised. Let us consider another method of demonstrating latent 
learning before pursuing this problem further. 

Blodgett’s experiment. Blodgett (28) used a six-choice 
multiple-T maze and three groups of rats. The control group was 
given food after each trip through the maze. Another group went 
through the maze twice without being fed, and then on the third 
trial and every trial thereafter they were fed in the food box as 
were the members of the control group. A third group was given 
six runs without being fed and then on the seventh trial and every 
trial thereafter was fed. All groups were given one run per day for 
nine consecutive days. 

The mean errors of the first group, the group rewarded after 
each run, show the expected reduction in frequency from trial 
to trial for the nine trials. The second group showed a slight 
reduction in mean frequency of errors on the first three runs, but 
on the fourth run a rather large reduction in number of errors 
took place after having been rewarded on the third. The most 
striking results were shown by the third group. For seven trials 
there was only slight reduction in the number of errors. At the 
end of seven runs the animals were stUl averaging well over two 
errors per run (three would be chance in a six-choice maze), 
whereas the other two groups wwe averaging about .25 errors 
per nm. However, on the eighth run, after having been rewarded 
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on the seventh, the third group showed a striking reduction in 
the number of errors, and by the end of the ninth run this group 
was performing as well as the other two groups. It would appear 
that learning had taken place during the first six runs even though it was 
not demonstrated in the error measurement on those days. When food was 
fioen, the latent learning showed itself. 

Blodgett’s and Buxton’s findings, taken in conjunction with the 
results of other similar experiments, are strong evidence for the 
perceptual-learning theory. Learning appears to take place with- 
out reward; all the organism has to do is experience stimuli con- 
tiguously. According to a goal-reinforcement theory, no learning 
should have taken place on the rewardless runs of these experi- 
ments. Goal-reinforcement theorists have not as yet offered a 
satisfactory explanation of these findings. In support of such a 
theory we might say that there must have been rewards which 
were “hidden” or secondary in nature. If we did offer this “ex- 
planation,” however, we would be inviting the serious criticism 
that such a position is untestable. For, we would in effect be 
saying that we do not have to identify rewards, i.e., we merely 
beg die question by assuming they are present when learning 
occurs. This, of course, we cannot do. On the other hand, it would 
be good scientific procedure to state an hypothesis as to the nature 
of the reward (or punishment) in the latent learning situation 
and then proceed with an experimental test of this hypothesis. 
Since this has not been done, we must conclude that Ac goal- 
reinforcement theory does not yet explain the results of the above 
experiments. 

Let us turn to other experiments which provoke the same kind 
of unrest and doubt in the perceptual-learning theorists as do the 
above experiments in the goal-reinforcement theorists. 

The Spence-Uppitt experiment. Spence and lippitt (364) 
used a simple Y-maze as shown in Fig. 77. During training all 
rats were satiated for food but were thirsty for water as a con- 
sequence of 18-hour water deprivation. The right alley of the 
maze always led to water for all animals. For 10 animals, the left 
alley led to food whereas for 10 others the left alley led to 
nothing except the end box. In no case did the animals of the 
first group eat the food in the left end box, since they were 
thoroughly satiated. However, when the animals in both groups 



EXPERIMENTAL PSYCHOLOGY 


490 

took the right alley they were rewarded by being allowed to 
drink water. Both groups of rats were given 5 trials a day for is 
days. 

Let us note the rationale of this experiment. When any animal 
took the alley to the right, it would be rewarded with a drink of 
water. When the members of one group of 10 animals went 
down the left alley and saw the food, they would not eat be- 
cause they were satiated. However, the stimuli of the left alley, 

followed by the experience of seeing 
food, should produce learning to the 
effect that “1^ alley leads to food” 
according to the perceptual-learning 
theory. The 10 animals which found 
no food at the end of the left alley 
should also learn, according to a 
perceptual-learning theory, but they 
would learn only that “left alley leads 
to box.” After training had taken place 
in both alleys, Ea had to determine 
whether or not such learning as pre- 
dicted by the perceptual-learning 
theory actually took place. 

Fio. 77. Sinqjle Y-maze A methodological diSiculty which 
by Spcncc and Lippitt Lippitt faced in this ex- 

periment should be discussed. Regard- 
less of the theory to which one adheres, motivation is held to be 
an important determinant of responses. By any theory one would 
predict that the rats in the present experiment would, when 
satiated for food and thirsty for water, learn quickly to take the 
path leading to water. Such being the case the animals would get 
overwhehning experience of the alley leading to water as compared 
with the other. In order to give both groups of animals experience 
in going down the left alley, the water alley was blocked half the 
time. By forcing the animals to run to the left half the time, both 
alleys were experienced equally. As an added precaution, the door 
leading to the left alley was sometimes closed so that the animals 
would eiqierience runs to the right alley with the left alley blocked, 
as well as runs to the left with the right alley blocked. 

The critical point of the experiment came on test trials when 
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the animals were satiated for water but hungry for food. Thus, the 
motivating conditions were just the opposite of those which 
prevailed during training. What are the differences in the predic- 
tions which would be made by the two theories on the test runs ? 
The goal-reinforcement theory would say that the rats in both 
groups would take the alley to the right — they would execute the 
response for which previously they had been rewarded. The 
perceptual-learning theory would predict that the rats which had 
seen food at the end of the left alley on the forced runs would 
now take that alley when hungry; seeing food in perceptual con- 
tiguity with the stimuli at the choice point would be enough to 
provide learning. It would not be predicted, of course, that the 
group of rats which had seen only the empty end box would take 
the left path. 

The results show that on the first test trial all animals of both groups 
took the right path — the path leading to water. These results are exactiy 
what would be predicted by the goal-reinforcement theory and 
quite the opposite of the prediction by the perceptual-learning 
Acory. Furthermore, both groups were given additional learning 
trials under the food-motivated condition. The perceptual learning 
theorist would say that at least the group having had experience 
in going down the left alley and perceiving food would learn this 
response most rapidly. The results show that both groups learned 
this habit in about the same length of time, so this prediction is 
not substantiated. These findings heavily favor a goal-reinforcement 
theory and are quite contrary to predictions of a perceptual- 
learning theory. 

Three additional experiments of the general nature of the 
Spence-Lippitt study have been performed and all three support 
the original findings (133, 194, 395). In these later experiments 
special precautions were taken to assure that during training 
trials the satiated rats saw the food even though they did not 
eat it. In one of the studies (123) the rat took either of the two 
alleys to get water but there was food in only one goal box, this 
food being scattered profusely over the floor of the box so that 
the animal literally had to wade through it to get to the water 
bottle. Still, on test trials, when the animals were hungry but 
not thirsty, no evidence was obtained indicating that the animal 
had learned anything about how to get to food. 
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One incidental finding of these studies is that the sight and 
smell of food does not seem to provide any appreciable secondary 
reinforcement when the animal is motivated for water. In view 
of the fact that in home cages food is typically present when the 
animal drinks water, such secondary reinforcing properties might 
be expected. Since this situation is conducive to the development 
of symbolic rewards, we might assume that the left alley response 
would be strengthened somewhat as a consequence of the rat’s 
seeing food (see Brogden’s experiment in Chapter VI). That there 
was no difference in the performance of the two groups of animals 
used by Spence and Lippitt indicates that secondary reinforcing 
property of food in the left alley was of small consequence in this 
situation. 

One fiirther set of data should be mentioned. Meehl and 
MacGorquodale (851) carried the Spence-Lippitt procedure one 
step further. Rats were placed in a simple T-maze while satiated 
for both food and water. Food was placed at the end of one arm 
of the maze and water at the other. Although the “running” was 
slow because of lack of a dominant motive, 4 trials a day were 
completed for to days. Half the runs were to the water end and 
half to the food end, the runs being forced when necessary in 
order to maintain the 50:50 ratio. The 24 animals thus had experi- 
ence in going to food (but not eating) 20 times and going to water 
(but not drinking) 20 times. Following this training, half the rats 
were satiated for water and made hungry for food and the other 
half were made thirsty for water while satiated for food. Did the 
training experience produce learning so that the animals would 
now make the response leading to the incentive appropriate to the 
motivating condition? 

The results show that some learning had taken place since the 
animals responded correctly on the test trial more frequently 
than would be expected by chance. It appeared as if the animals 
had learned merely by seeing the incentives on the training trials. 
However, subsequent runs showed that the learning was very 
weak as compared with that which took Rlace when actual re- 
inforcement by eating or drinking occurred. Furthermore, Meehl 
and MacGorquodale offey a plausible explanation of the learning 
on the 40 trials in terms of secondary reinforcement and feel that 
it is unnecessary to invoke perceptual learning to account for the 
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findings. Their explanation is too complex to justify inclusion 
here. 

What are we to make of these two sets of experiments, one set 
favoring one theory, the other set favoring another? There seems 
to be no answer to this question at present. The- findings of the 
experiments have been so clear-cut that the burden of explanation 
rests entirely on interpretation and not on questioning the validity 
of the findings. We may note that the Spence-Lippitt experiment 
provided primary reinforcement of one response at the same time 
that latent learning was supposed to be taking place for a different 
response. This was not true in the Buxton or the Blodgett experi- 
ments. The learning in the Buxton and Blodgett experiments took 
place when the animals were motivated but when there was 
no incentive. The learning took place in the Spence-Lippitt 
experiment when the animals were motivated for water and 
received water incentive, but failed to take place when the rats 
were not motivated for food although the food incentive was 
present. The rat was given much more freedom of discovery (and 
the maze was more complex) in the Buxton and Blodgett procedure 
than it was in the Spence-Lippitt method. It is difficult at present, 
however, to proceed from the recording of such differences to 
account for the obtained results. Apparently we must at present 
conclude that the two sets of data are contradictory as far as the 
theories go. Probably we may also conclude that this situation will 
be quite provocative of additional research. 

Place Learning 

A demonstration of place learning. We have seen that the 
perceptual-learning theory emphasizes the directional and place 
nature of any learning which requires locomotion thipugh space. 
When an animal learns to go through a maze, it does not learn 
merely to make a right turn here, or a left turn there, but rather 
tends to learn that in relation to its present position in the starting 
box the goal box is “over there.” The locomotion and turning 
are merely means to an end; what is learned is the spatial relation- 
ships among various path stimuli, stimuli outside the maze, and 
goal-box sdmulL 

It is fairly well recognized that maze learning may involve a 
great many cues outside the maze, such as lights, walls, and other 
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constant stimuli which can be perceived by the animal. These 
stimuli, according to the theory, allow the rat to build up place 
knowledge and learn that the goal box is under that light or close 
to the window. Such inferences can only be drawn by manipulat- 

FBodBm 




lio. 78. Elevated maoes used 1 w Tolman, Ritchie, and Kalish (389), ia Iheir 
^eiiujpstration Cff place learnina. The hua-lihe lines on the test maze are intended 
to represent alternative paths sipiilar to the one shown with both walls. 


ing conditions under which a rat learns a maze until these inr 
ierences seem plausible. During the la^t few years there have been 
several studies in which just such manipulations have taken place. 
We will sample these studies. First, let us cite one of a series of 
studies by Tobnan and his students (387) which demonstrates what 
is meant by place learning. 
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To understand the demonstration we must understand the 
apparatus. It consists of two parts, the training maze and the test 
maze. The training maze (elevated) is shown in the upper part 
of Fig. 78. The only part of the maze that was enclosed is that 
portion leading from the round table. Note the light (a five-watt 
bulb) which was placed near the goal box as the only source of 
illumination in the room. Initially the rats were trained to run 
from the starting point to the goal box. This was largely a matter 
of getting the rat adapted to the situation, since there are no 
blind alleys. Adaptation was gradual, in that initially the rat was 
fed in the goal box, then given short runs to the goal box, and 
finally given five complete runs through the total length of the 
maze. 

The test maze is shown in the lower portion of Fig, 78. All the 
alley beyond the circular portion has been removed except the 
uded portion leading from the table. A radial series of 18 alleys 
now leads off from the circle. All these alleys are 6 feet long, 
except alleys 13 to 18 which were restricted because of the size 
of the room. The alley which the animal originally took was 
blocked. The question concerns the alley which the rat will choose 
tp go through on its first and only test trial. 

Three of the 56 animals made no choice within 6 minutes and 
were therefore discarded. Typical behavior of the other rats 
involved going first into the blocked alley, then returning; explor- 
ing the round portion, and tentatively entering at least one other 
alley before entering one completely. If a rat took ope of the ax 
short alleys, it was allowed to come back to the table top to choose 
another. The test trial was considered completed when an animal 
reached the end of one of the 12 long alleys. The per cent of rats 
taking each alley is shown in Fig. 79. Alley six was the alley 
which pointed most directly to the point where the food box 
had been previously, and clearly, as compared with other alleys, 
this alley was taken with greatest frequency (36 per cent). It is 
the shortest path to the goal which was not tWe. Let us quote 
J^s’ conclusion; 

The fact that they (the rats) selected the shortes't path indicates that 
what was learned during the prdiminary training was not a mere response 
sequence, or an expectation that this particular path led to the goal. 
They learned, instead, a disposition to orient towards the physical location 
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of the goal. Because of this we have chosen the word “expectation" as the 
name for this orientational disposition (387, p. ?3). 



Elo. 70. A demonstration of place learning. Data from Tolman, Ritchie, and 
Kalish (387). 

Place learning vs. response learning. The above quotation 
indicates these adherents of place learning theory believe that 
learning is much less specific than is implied by a person who 
says that a rat learns to make this particular response at this point, 
another at the next point, and so forth. In pursuit 'of a test of 
these two opposed interpretations, Tolman, Ritchie, and Kalish 
(388) devised a situation which they believed would separate 
place learning from response learning. The maze pictured in 
Fig. 80 was the basis for the experiment. The two food boxes, 
Ft and Fa, could be reached from two starting boxes, Si and Sa. 
When the rat was .placed in Si the response rewarded was a 
right turn,* if the animals took the path to Fa they found no food. 
If the animals were placed at Sa, rewarded response was that 
of taking the Fa alley, Fi yiddii^ no food. Note that irrespective 
of the starting box in which the rats were placed, ths correct response 
was a right tarn at the choice poira. These conditions held for the 
response-leaming group of animals. 

A second group of rats was trained as a place-learning group. 
For half the animals in this group the rewarded response was 
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going to Fi, whether they were started at Si or Sa. The other 
half of the animals was rewarded at Fa, whether started at Si or 
Sa. In both groups of place-learning animals, the correct response 
required a right turn half the time and a left turn half the time, 
but always, whether right or left, it required going in a constant 
direction. In the second group the emphasis was upon getting 
to a certain place whereas in the first group the emphasis was 
upon making right turns. 


S 2 


n 


PI 


Si 


Eio. So. Elevated maze as used by Tolman, Ritchie, and Kalish in their study 
of place learning vs. response learning (368). and Se indicate starting points; 
Ft and Fa indicate food boxes. 


The first group, the right-turning group, was run for 12 days 
with 6 trials per day. Out of eight rats only three reached a criterion 
of ten successive errorless trials. The other five rats developed a 
tendency to go always to the same place — Fi or F2 — and as a 
consequence they continued to make 50 per cent errors since the 
"place” was correct only half the time. In contrast, the second 
group made no further errors after an average of only 3.5 trials 
— they rapidly learned to go to the correct place. Thus, the results 
would seem to favor a place-learning theory rather than a specific 
turning-response theory. 

The Blodgett-McGutchan interpretation. Blodgett and 
McCutchan (29) questioned the interpretation which Tolman, 
Ritchie, and Kalish gave their results. Blodgett and McCutchan 
believed it was possible that the so-called response-learning group 
actually might have been learning two alternate place responses, 
one to go to Fi, the other to F2. This would make the task more 
difiicult than learning a single place response, as was required of 
the second group. In short, Blodgett and McCutchan did not 
believe Tolman and his students had clearly separated response 
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learning from place learning. The experimental conditions which 
we shall report now tend to support the validity of their 
disbelief. 

Blodgett and McCutchan arranged four conditions, using a 
separate group of rats for each condition. The first condition 
was designed to make response learning a necestity if the animal 
was to learn. The apparatus was a simple T-maze, set under a 
circular dome. The walls of the dome were homogeneous. A 
single lamp was placed in the center of the dome, and a rheostat 
permitted dimming the bulb until the room was almost dark. To 
run the trials it was first necessary that E remain in the room for 
15 to so minutes to get dark-adapted. When so adapted, E could 
barely see the outline of the rat. Under such conditions it was 
supposed that the rat could get practically no extra-maze cues. 
Furthermore, the position of the maze was changed from trial to 
trial so that even tihe very dim l^ht could not have aided the rat. 
The animal, functionally speaking, was blind. Furthermore sounds 
were at a minimum and odors were random. If the rat learned, 
it would learn largely through proprioceptive and touch cues and 
not through place stimuli mediated by distance receptors. 

The trials were given by having an assistant pass the rats to E 
titrough a door and record errors and correct responses as reported 
by E after each trial. Bach rat was trained to make a specific 
turning response (right or left) by rewarding that response 
only. Animals were tested initially, in order to determine the 
turning preference of each, and on learning trials were re- 
warded for making opposite turns. Thus, if an animal showed 
an initial right turning bias, during the training he was rewarded 
for making left turns in the maze. Let us call these animals 
Group I. 

Group 11 also learned in the T-maze set under the dome. How- 
ever, the light on the dome was on at its full wattage (75 watts) 
and the maze, placed to one side of the light, always remained 
in a constant position. Under these conditions, the animals could 
learn either a place habit (toward or away from light) or a specific 
response (right or left turn). 

Two additional groups of rats were run in another room under 
conditions very similar to those used by Tolman, Ritchie, and 
Kalish, and tixc results of these Es were substantiated. However, 
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the important finding of the Blodgett-McGutchan experiment was 
that Groups I and II learned equally well (Fig. 8i). The condi- 
tions of Group I were such that llie animals in that group must 
necessarily have learned responses to proprioceptive and touch 
cues. The members of Group II might have learned by such cues, 
or by the place location of the goal box, i.e., its relation to the 
light. The fact that the members of this group learned no more 



rapidly than did members of Group I suggests that place learning, 
if used by members of Group II, was no more efficient than response 
learning, and if not used, it shows that rats did not neOessarily 
“prefer” place learning. 

These experiments on place and response learning are sufficient 
to show us the differences in points of view and to demonstrate 
methods which have been used to test those differences. The 
findings imply that no critical results in favor of one theory over 
another will be found by such experiments. Furthermore, there 
is reason to believe that the predictions of a goal-reinforcement 
theory and those of a perceptual-learning theory would not neces- 
sarily differ on these matters. A goal-reinforcement theory does 
not imply that responses cannot be learned to stimuli outside the 




500 EXPERIMENTAL PSYCHOLOGY 

maze as long as responses to those stimuli are rewarded. If an 
approach response to a light stimulus is rewarded by food in a 
box near the light, that response (approaching light stimulus) 
gains strength. Similarly, there is no reason why a perceptual 
learning theory cannot assert that the animal learns the significance 
of proprioceptive stimuli to the food stimuli. In short, it does not 
appear likely that place vs. response learning is going to provide 
critical data for theories in the sense that the latent learning studies 
have provided such data. 

The Spread of Effect 

This phenomenon known as spread affect will have to be treated 
briefly and without arriving at definite conclusions. We cannot, 
however, pass it by in even a brief treatment of theories of learning. 
The fact that we shall be unable to cover adequately the numerous 
ramifications of the spread of effect speaks for the number of 
varied experiments which have been performed on it. 

The spread of effect is one of Thorndike’s (379) discoveries. Let 
us take a simplified illustration of the operations which are necessary 
to define it. As S, you arc instructed as follows: 

1 am going to read you a series of words. To each word I have assigned 
a number between one and ten. After I read each word you arc to guess 
a number between one and ten. If your guess is correct I will say “Right”; 
if your guess is incorrect I will say “Wrong.” I will read through the 
entire scries of words, and then repeat it. Your task is to learn as many 
of the correct numbers as possible. 

E, by a pre-arranged plan, has “rights” and “wrongs” arbitrarily 
assigned to words regardless of what S says. Let us say that we 
have nine words, and E has determined beforehand that he is 
going to say “right” or "wrong” to each word as indicated: 

Stimulus Words E’s Responses 


JAY 

wrong 

BOV 

wrong 

BUM 

wrong 

BET 

wrong 

CAP 

right 

xm 

wrong 

TOO 

wrong 

SON 

wrong 

SAW 

wrong 
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Regardless of what number S gives as a response to the stimulus 
JAT, E’s response will be “wrong.” Regardless of what response 
is given to CAP, E’s response will be “right.” E records each 
response given by S. On the second trial the same procedure is 
followed, except, of course, the response which was given the first 
time to the stimulus CAP remains the correct response to that 
word. 

Two trials are enough to define spread of effect. We ask the 
question: “On the second trial what was the per cent of repetition 
of each response which was 

wrong on die first trial, and ' i I i i i I J T "" 

what was the per cent of | a 

repetition of the right re- “is- A 

sponse ?” If a great many 5s | / \ 

are used, the mean per- gj^ _ / \ 

centages become fairly sta- / \ 

blc, and it will be fovmd £ j \ 

that the per cent of repe- | ® “ J V 

tition of the response to £ 

CAP is the highest of all. — i^ , — l— - t — 

This is as we would expect, 

, WWWWRWWWW 

smee we have accepted the 

fact that rewards (by some Representation of spread of 

... , effect. W Indicates that S responded 

mechanism) enhance per- ‘•Wrong”j R indicates that E responded 

formance. The data on the “Right.” 

repetition of the “right” 

response presumably demonstrate the operation of the law of 
effect. But now, we calculate the per cent of repetition of the 
wrong or punished responses, and we discover that the punished 
responses next to the rewarded responses are repeated more often 
than chance would allow. Furthermore, we find that the more 
remote a punished response is from a rewarded response, the 
closer the frequency of repetition is to chance. This gradient of 
repetition of punished responses aroimd a rewarded response is the 
spread of the effect. 

Using the nine stimuli above, we may graph the expected find- 
ing as in Fig. 8a. The figures along the ordinate are hypothetical 
but represent a fairly characteristic frequency of repetition for 
each position. The gradient is drawn symmetrically, although 


Fig. 8s. Representation of spread of 
effect. W Indicates that E responded 
“Wrong”; R indicates that E responded 
“Right.” 
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usually the tepetitioa of punished responses following the rewarded 
response is somewhat higher than for those preceding it. It may 
be noted that the frequency of repetition above chance is not 
great, a matter of a few percentage points, but the fact that such 
gradients have been found rather consistently leaves no doubt as 
to their validity. 

We have simplified the situation somewhat. Usually E will use 
many more words, at least ao and more, probably 60 or 70, and 
repeat the pattern of a “right” flanked by four “wrongs” several 
times. The words will be read at the rate of one each a or 3 secohds 
and of course it is very difficult for S to attempt to remetabdr 
specific responses from one trial to the next. Also, in most of the 
experiments the series has been repeated more than twice, but the 
computation and interpretation are much simpler if E gives only 
two presentations. 

What is the significance of the spread of effect for learning? 
It was Thorndike’s belief that the sprefad of effect represents the 
automatic action of reward, not only in strengthening the response 
which it follows but also in strengthening any responses which 
were contiguous to it. By making the list long, S could not 
remember the wrong response given to a stimulus on the preceding 
trial. The fact that this response tended to be repeated when 
contiguous to a rewarded response suggested the automatic 
influence of the reward. 

As previously indicated, there can be no doubt as to the 
authenticity of the finding under the conditions which Thorndike 
and others have used. However, several Ei have challenged 
Thorndike’s interpretation of the finding and have proceeded 
to show how the phenomenon is influenced by many factors and 
how it might be explained by other means. They do not seriously 
challenge the strengthening effect of the reward on the rewarded 
connection, but they do question the interpretation which says 
that the frequency of punished repetition is to be attributed 
directly to the reward. Let us mention just a few of these findin gs. 
If Ss are not instructed to learn or remember correct responses, 
there will be no strengthening of rewarded or punished contiguous 
responses (396). The occurrence or non-occurrence of the spread 
is a function of the degree of similarity of the rewarded items 
widi contiguous items; the less the similarity of rewarded and 
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flanking items, the greater is the spread (437). Some evidence has 
been found to show that at least a portion of the forward gradient 
may be explained on the basis of number-series biases (181). 
Thus, if the rewarded response were four, S was more likely to 
say certain numbers following four than he would others. Perhaps 
4-631 was iS’s favorite telephone number or part of the sequence 
of his army serial number. In any event, we cannot assume that 
each number is a product of chance frequency. Thus, there is a 
problem concerning the true base line above which the repetition 
can be said to be greater than would be expected without the 
rewards and punishments. 

In drawing Fig. 83 we mentioned nothing concerning the base- 
line which should be used to calculate frequency of repetition 
above chance. What should this be? We know that it cannot be 
a sheer chance basis, that is, one in ten if there are ten numbers. 
Number biases rule this out. Furthermore, Ss are probably un- 
likely to repeat a number given for the immediately preceding 
stimulus. It seems clear that the baseline must be established on 
an empirical basis; we might use a control group or control 
condition in which we discover the frequency of repetition from 
trial to trial without E’s responding “right” or “wrong.” Then, 
under a condition on which E does respond “right” and “wrong,” 
we may discover how much greater tlie frequency of repetition 
is above “empirical” chance. 

But is this the correct baseline? That is, is it correct to discover 
the expected repetition by jB’s not responding at all? Probably 
not. If we wish to discover the influence of a “right” on con- 
tiguous punished responses, our best estimate of frequency of 
repetition without the “right” would be determined by £’s saying 
“wrong” to all responses. This, compared with repetition when 
one in nine responses is rewarded (“right”), would give us the 
estimate of the influence of the “right” on contiguous punished 
responses. 

We should also mention that since the words are repeated in 
the same order on the two or more trials which are given, serial- 
position effects (the bowed serial-position curve) would also be 
expected to have some influence on frequency of repetition. If 
the baseline is determined empirically, this is taken into account 
automatically. 
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Is there an effect produced by saying “right"? Yes. Thorndike’s 
long series of experiments leaves no doubt that such rewards tf^t id 
to strengthen correct responses, although we cannot say that 
such rewards will inevitably produce strengthening. Is there 
direct spread of effect to contiguous punished (or non-rewarded) 
connections ? The evidence is inconclusive. 

The R6le of Frequency 

When we speak of the rdle of sheer frequency, we are again 
speaking of the problem of learning in the absence of rewards 
and punishments. We have seen that some of the latent learning 
experimenls suggested that learning seems to take place merely 
by repetition of a behavior sequence. But other experiments which 
we reviewed suggested that learning would not take place merely 
as a consequence of frequency. Let us briefly examine data on 
human learning. We may turn to Thorndike’s work for an illus- 
trative experiment (378, Exp. 5). 

S drew lines of specified lengths with no information as to 
accuracy and without ever seeing the lines he drew. He attempted 
to draw lines s, 4, 6, and 8 inches long and made 950 attempts 
for each length. A study of the length of lines actually drawn 
showed that there were gradual shifts in the length of these lines 
from time to time. If on the firat 100 attempts to draw a line 2 
inches long the mean of the lines actually drawn was 2^/* inches, 
this result did not mean that 2V* inches would therefore be the 
line length most likely to be drawn on the next too tries. Thus, 
even though drawing a 2^/* inch line was the most frequent response, 
that response was not fixated as a consequence of the great frequency 
given it. 

With humans it is not easy to arrange a situation in which 
repetition of a stimulus-response sequence is provided without 
consequences or, rather, with a neutral consequence. Thorndike’s 
many experiments have probably approached the criterion of 
neutral consequences as nearly as possible, and his results have 
consistently shown little or no increase in the strength of associa- 
tive connection as a result of sheer frequency of repetition. 
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The R6le of Coutigaity 

We have seen that theories of learning differ regarding the 
events which are held to be of necessity contiguous in tune, in 
order that learning will take place. Conceptually, contiguity 
must be taken to mean simultaneity, in that two events, to become 
associated, must overlap. When we increase the time interval 
between stimulus and response (or between response and con- 
sequence), we do not change our conception of overlapping events. 
From the fact that two events do not necessarily have to overlap 
objectively to become associated, we infer that the first has left 
a trace. Trace is a theoretical construct and need not be thought 
of as physiological in nature. By increasing the time interval 
between the first and the second event we presume to reduce 
the strength of the trace of the first when it overlaps the second. 
When a trace “dies out” so that it does not overlap a succeeding event, 
the two obviously cannot become linked in causal relationship. 
When an interval between events is of such length that no learning 
takes place, we presume that there has been no overlapping of 
pertinent events or traces thereof. 

Thus contiguity remains largely an empirical problem of 
demonstrating the limits of learning and gradients of efficiency 
of learning as a fimction of (i) the interval between response and 
reward, and (3) the interval between stimulus and req)onse. To 
date this work has been almost entirely concentrated at the simpler 
levels of learning. The symbolic capacity of human adults and 
the operation of secondary rewards make it a very difficult problem 
to attack in a precise quantitative manner at the level of complex 
learning. 


A SUMMARY OF CENTRAL PROBLEMS OF FUTURE 

RESEARCH 

At various points throughout the last four chapters we have 
pointed out problems which seem quite likely to engage Ee in 
the near future. Let us summarize these problems. 

I. We are just beginning to realize the importance of secondary 
reinforcement brought about by symbolic rewards; symbolic 
punishment no doubt also occurs. Suppose we built a secondary 
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reward value “into” a food box. Will that food box serve as a 
reward for a rat satiated for food but thirsty for water? How 
specijic to a given motive are secondary rewards? Are secondary 
rewards and punishments always of less consequence than primary 
rewards in animals? In humans? Symbolic rewards in anitnalii 
may account for a great deal of behavior which is not at present 
easily interpreted. 

2. The effects of punishment on learning still remain ambiguous. 
Thorndike’s work (380) has led him to conclude that punishment 
does not directly weaken responses which it follows, but will 
tend to make for varied behavior, thus increasing the probabilities 
of hitting upon the correct response. Some evidence we have 
examined, (Fixations, Chapter VIII), suggests that punishment 
properly manipulated may actually strengthen responses. There is 
also some evidence that punishment may strengthen responses in 
a relatively non-traumatic situation (cf., Stone, 368). The effect 
of punishment on learning must in part be a function of the 
particular situation and what the organism is able to do in the 
situation when punished, but we have no clear-cut evaluation of 
differences in these situations. Human adult responses may per- 
severate even though punished, as seen in some neurotics, criminals, 
alcoholics, and sex perverts. We may say that there are “really" 
rewards in these cases and there may well be, but that only makes 
the problem of factoring out the relative effects of multiple 
consequences (both rewards and punishments) more difficult, 
(cf., Mowrer and 'Ulhnan, 276, for a discussion of these problems.) 
The whole problem is further complicated by the temporal order 
of multiple consequences. What happens if we give reward followed 
by punishment? Punishment followed by reward? Many problems 
of punishment await empirical investigation at all levels of learning 
complexity. 

3. Several findings have been difficult for goal-reinforcement 
theories to cope with, e.g., sensory pre-conditioning (Chapter 
XI), partial reMorcement (Chapter XI), and latent learning, and 
the next few years may very likely see further experimental work 
or revision of theory concerning these problems. 

4. Pseudo-conditioning (Chapter XI) has forced a revision of 
methods of calculating amount of true conditioning, but it also 
has posed an interpretive problem. The best evidence at present 
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is that it involves generalization, but much more experimental 
work is needed. 

5. In multiple-response serial learning, the nature of remote 
associations and tlie explanation of the bowed serial-position curve 
represent challenging problems. The current activity on spread 
of effect in serial lists augurs well for a fairly complete analysis 
of this phenomenon in the near future. Intra-task similarity is 
in need of much further experimentation, since probably its 
potency as a determinant of rate of learning has been largely 
overlooked. 

6. It is to be hoped and probably to be expected that there will 
be a gradual movement of research concentration toward the 
more complex forms of learning, especially thinking. 

7. Since this book is concerned with environmental variables 
manipulated by we have concerned ourselves neither with 
problems relating to individual differences, nor with forms of 
naturalistic observation wherein E observes learning behavior as 
it occurs naturally during the normal course of events. Very little 
of the latter type of research has been attempted and it may be, 
as Hdgard has suggested (151), that we could learn a great deal 
about learning if we followed a child around for several hours, 
noting everything he did. 


SUMMARY 

1. We have given illustrations of the ways in which current 
learning theories differ in their guesses as to the characteristics 
of the processes which constitute learning. 

2. The discussion was organized around what we called primary 
variables. These variables are presumed to be critical variables 
in that without a certain minimal amoimt of each, no learning 
will take place. The primary variables were: (i) motivation; 
(2) consequences; (3) frequency; (4) contiguity. We referred 
to the variables studied in the previous chapters on learning as 
secondary variables in that they affect the rate of learning only 
within limited amormts. 

3. Three learning theories, goal-reinforcement, perceptual- 
learning, and contiguous-conditioning, were evaluated as to their 
handling of the primary variables. 
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Experimental studies designed to test the validity of the 
theoretical points of view were sampled. The experiments included; 
(i) tests of the contiguous-conditioning theory; (a) latent learning; 
(3) place vs. response learning; (4) spread of effect; (5) the r6le of 
frequency; and (6) the r6le of contiguity. 

5. Finally, we summarized what appear to be the main topics 
for future critical research. 



CHAPTER XV 


Forgetting — Retention 


INTRODUCTION 

It cannot be denied that forgetting is an important practical 
problem in everyone’s life. It is also one of the most irritating of 
all psychological phenomena because not forgetting is esteemed 
and rewarded so highly in our society. By reason of failure to 
recall a man’s name we commit a social blunder; for our inability 
to remember who discovered America we lose the esteem of our 
colleagues as well as 64 dollars; for failure to regurgitate the 
professor’s ideas at examination time we fail a course. 

The dual title given this chapter indicates that there are two 
ways of regarding measurements of the same psychological process. 
Retention is a term referring to the positive aspects of memory, 
forgetting, a term referring to its negative aspects. Retention and 
forgetting are thus reciprocal terms for the quantitative aspects 
of memory, with retention indicating the amount remembered 
under specified conditions and forgetting the amount not remembered 
under the same conditions. 

Learning and forgetting. The study of conditions which 
influence forgetting (or retention) logically follows the study of 
learning. Having required S to learn a response to a given degree, 
or having asked him to repeat a response N times, we should 
concern ourselves next with the conditions which cause the func- 
tional strength of that response tendency to decrease. Indices 
of forgetting are obtained by measuring the strength of response 
tendencies a given time after learning to a criterion. In most cases 
the measured strength of response will be less when time is allowed 
to elapse following learning than at the time of reaching 
the criterion. The amoimt of forgetting is indicated by the 

509 



510 EXPERIMENTAL PSYCHOLOGY 

difference between scores at the end of learning and after the 
lapse of a specified interval. 

Although learning implies “gain” and forgetting “loss,” a little 
reflection will show that consecative measures of performance 
increment (from which we infer learning) also indicate what is 
not forgotten from trial to trial. In verbal learning, for example, 
the number of correct responses given on a trial indicates the 
amount retained of the learning which took place on the previous 
trial or trials. The performance measurements from which we 
infer learning are actually retention measurements. As a con- 
venience we speak of measuring retention and forgetting some- 
time after learning, but we recognize that we are not thereby 
isolating psychological processes. This recognition allows us to 
establish an extremely important predictive principle. Let us 
examine this principle and the rationale for it. 

Predicting forgetting from learning. The process which 
causes forgetting is not initiated only after learning ceases; it is 
present during learning but becomes clearly evident only when 
active learning stops. We may assume that two processes are 
involved in learning as we record it. One of these processes tends to 
strengthen response tendencies (learning) and the other to weaken 
response tendencies (forgetting). When we measure an incre- 
ment in performance we are measuring the net effect of two 
simultaneous processes, with learning greater in magnitude than 
forgetting. The reverse of this may be seen in individual learning 
curves in which performance decreases temporarily. At least a 
portion of this decrease may be attributed to the temporary 
superiority of the forgetting process. Indeed, it may be assumed 
that without the concurrent forgetting process during acquisition 
of a response, the rise in the learning curve would be markedly 
accelerated. 

From slow learning we may infer a forgetting process of 
greater magnitude than we infer from fast learning. Since the 
forgetting process continues after active learning, we arrive at 
a prediction of rate of forgetting from an observation of the 
rate of learning: when learning is rapid, forgetting will be slow, 
and when learning is slow, forgetting will be rapid. This principle, 
while not universal, holds over a wide range of conditions and 
if kept in mind will greatly facilitate the study of forgetting. 
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Variables which influence the rate of learning may be expected to 
i pfliiArirp also the rate of forgetting; variables which increase the 
rate of learning will decrease the rate of forgetting. 

Plan of chapter. In. studying forgetting we need no introduc- 
tion to the materials used, since for obvious reasons these are the 
same as in studying learning. Usually, multiple-response tasks 
have been used, only a small amount of work having been done 
on retention of conditioned responses and thinking responses. 
The three main sections of this chapter are: 

1. Methods of response measurement 

2. Variables influencing rate of fo:^etting 

3. Theory 


METHODS OF RESPONSE MEASUREMENT 

The measurement of retention and forgetting is complicated 
somewhat by the several different methods which have been 
employed, since each method yields a different quantitative score 
and more than a single method may be used in one experiment. 
Let us consider separately the methods currently used. 

Recall measures. Recall is the most commonly employed 
measure of retention. To secure this measure S is presented with a 
stimulus and is asked to call up the response which had previously 
been attached to it. Usually the strength of the stimulus-response 
tendency has been developed to a known degree before the re- 
tention test is given. The stimulus which is presented to elicit 
the expected response may be very specific or very general, de- 
pending upon the material used. With paired associates the 
retention test would be given by presenting the series of specific 
stimuli one at a time and instructing S to give the response which 
had been previously associated with each. A limited time for 
recalling the responses may or may not be imposed. The stimulus 
may sometimes be very general as when S is given the name of a 
poem and asked to write down or recite the full poem. 

The recall method is sometimes used in studying the reproduc- 
tion of figures or designs and in this context it is called the method 
of reproduction, S is shown a design for a short period of time, 
and after the design is withdrawn asked to reproduce it as nearly 
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as possible. Successive reproductions after various intervals provide 
indications of the changes which may take place in retention of 
ihe design. 

Relearning measures. After a task has been learned to a given 
criterion, forgetting may be measured after a lapse of time by 
determining how much time or how many trials it takes to re- 
learn the task. Comparison of the original time to learn with the 
time to relearn shows how much was retained from previous 
learning. This comparison yields what is commonly called a 
savings score. If ao minutes were required originally to learn a 
task and 5 minutes to relearn the same task, a saving of 75 per 
cent results. If it took ao minutes to relearn, the saving would be 
o per cent, forgetting would be 100 per cent. The smsdler the 
saving the greater is the forgetting and the less the retention. 
This method dates back to Ebbinghaus. It is still used extensively 
in memory studies, and often is .employed concurrently with 
recall measures, since experiments may be arranged so that S 
continues after the test of initial recall to re-mastery with no halt 
in the experimental procedure. 

Recognitioa measures. Suppose S has learned a specific group 
of words. If we place those words among a group of new words, 
how many of those learned will he identify correctly? The number 
correctly identified defines a recognition measure of retention. 
As can be seen, this measure is subject to considerable variability 
depending upon the relation of the learned material to the new 
material into which it is imbedded. For example, let us take 
an extreme case. If we required S to learn a list of adjectives 
and then placed the adjectives among a group of nonsense 
syllables, S would probably show very small loss in retention. 
Obviously the similarity of the test material to the other material 
is an important variable which determines the recognition score. 
Because of this, the method is not commonly employed in labora- 
tory experiments except for special problems. It might be used, 
for example, in studying the effectiveness of advertisements. S is 
allowed to study a certain number of advertisements and then 
asked to pick them out from a much larger group. This demon- 
strates the tise of the recognition method in a manner which 
would be very meaningful from the standpoint of the advertiser. 
Multiple-choice examinations, with which most students are 
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painf ully acquainted, make use of the recognition method, and, as 
we know, the finer the distinction among the various alternatives, 
the more difficult it is to choose the correct response. 

In using the recognition method correction must be made for 
chance response. If ten words are learned and then put into a 
group with ten other words for the recognition test, S could be 
expected to get five correct by chance. In scoring recognition 
tests, therefore, chance response is usually taken to indicate 100 
per cent forgetting. 

Reconstraction measures. The method used to derive these 
measures requires that S, corffionted by the separable parts of a 
task presented in jumbled order, replace the parts in the order in 
which they were at the time of learning. Thus, after 5 learns a 
list of words to a given criterion, E shuffles the order of the words 
and asks S to order them as they were at the time of learning. 
This method is seldom used in experiments. 

As previously mentioned, different methods will almost certainly 
give different results, so it would appear that we have different 
"retentions.” At this stage in our study we are not likely to fall 
into the error of asking, “But how much is really retained?”, 
or “How much is really forgotten?”. We recognize that scientific 
phenomena are a function of the methods by which they are 
measured, and that to ask one of the above questions is meaning- 
less. No one can properly speak of the measure of retention or 
the measure of forgetting. Instead, we have at least four different 
measures, all of which probably tap the same general process, 
but tap it in different amounts and ways. Which method will 
be used depends upon the material being employed, and other 
factors which are considered separately for each experiment. We 
need only caution ourselves against falling into the trap of trying 
to make direct comparisons among retention measures obtained 
by different methods. 

FACTORS INFLUENCING RATE OF FORGETTING 
Time Between Learning and Retention Test: x. Basic Facts 

In studying forgetting E allows a period of time to intervene 
between the learning and the retention test. This period is longer 
than that normally given between trials during learning, and 
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this procedural distinction (plus instructions to S) becomes the 
basis on which learning and retention are distinguished. In studies 
of retention, therefore, time becomes a stimulus variable — a con- 
dition which E manipulates. Retention tests may be given at any 
time following learning, and we may expect changes in retention 
as a function of this time interval. 

Because of the common observation that, as time passes, more 
and more is forgotten, it is easy to fall into the error of believing 
that time causes forgetting. Time is directly related to the amount 
of forgetting in most situations, but we use it only as a low-level 
explanatory concept. McGeoch (232) clearly demonstrates that 
passage of time allows for the operation of processes which cause 
forgetting, but that time in and of itself does nothing and is not 
to be accepted as a basic causal agent in psychological explana- 
tions. Rather, the quest is toward the identification of the processes 
which take place in time and which do cause forgetting. Time 
has the status of an experimental variable — and an important 
one — ^but we will look to other factors when we attempt to explain 
forgetting. 

Ebbinghaus retention curve. The first systematic attempts to 
measure forgetting as a function of time were made by Ebbinghaus 
(83). Indeed, the "Ebbinghaus retention curve” is a psycho- 
logical classic. That the work was sound has been demonstrated 
by many other Es who have confirmed the work in principle. 
Ebbinghaus, we will remember, served as his own iS" and multiplied 
the JV by learning many lists under the same conditions. Reten- 
tion was measured in terms of relearning (savings) scores, and 
nonsense syllables were his chief material. The results of his exten- 
sive study are summarized in Fig. 83, in which both the retention 
and the forgetting curves are plotted as a function of time. 

The basic generalization concerning the curve of Fig. 83 is that 
forgetting is most rapid immediately after learning and then 
proceeds at a slower and slower rate as time passes. Except for 
certain special conditions (which we shall consider shortly) this 
basic law has been confirmed many times, although the actual 
amount of change in retention with time will vary as a function 
of several variables. By and large, other Es using materials com- 
parable to those employed by Ebbinghaus have found that the 
initial drop in the curve of retention is not as great as that shown 
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in Fig. 83. These Es have used groups of Ss. In view of the fact 
that Ebbinghaus had learned literally hundreds of nonsense 
syllables during the course of his experiments, it is reasonable to 
believe that the initial drop in his curve is still further increased 
by the additional interfering tendencies present in his memorial 
background. 



Timi (Hr.) Betwaan Uamlngand RalearninB 

Fio. 83. Forgetting and retention as a function of time. Data ftom 
Ebbinghaus (83). 

Retention of maze habits by rats. The initial rapid drop in 
the retention curve is usually fotmd in human maze studies and 
has been shown also in retention of maze habits by rats. The 
latter may be illustrated in a study by Bunch (49). Rats were 
placed in a 14-unit multiple-T water maze. Five groups of rats 
mastered the problem to a criterion of three successive errorless 
trials. One group then relearned the maze after 14 days, another 
after 30, another after 60, another after 90, and the fifth, after xao 
days. The per cent saving in relearning the maze is shown for the 
five groups in Fig. 84. Note that the first retention group relearned 
after 14 days so that the curve is interpolated between zero and 
14 days. 

Other relationships. The retention curve for nearly pure motor 
habits probably drops very slowly with time as compared svith 
the curve for verbal material, although sound data on this matter 
are not available. We shall discuss later the methodological 
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problem involved in measuring retention of motor habits as 
compared with verbal habits. 

The forgetting curve of conditioned responses appears to be 
less sharply accelerated than is the curve for verbal tasks, although 
in some studies true conditioned responses may have been confused 
with pseudo-conditioned responses or reflex responses (e.g., the 
beta eyelid response, n8). 



Fio. 84. Retention of a maze habit by rats. Data from Bunch (49}. 

Let us consider two special phenomena which are associated 
with the time variable. Both provide special problems of experi- 
mental procedure as well as special interpretive problems. The 
first of these is reminiscence, the second is what we shall call changes 
in what is renumbered. 

Time Between Learning and Retention Test : Reminiscence 

Reminiscence is defined as “an improvement in performance, 
as shown by some measure of ability to recall at some time after 
the original practice without (any) intervening practice” (56, 
p. 314). As this definition indicates, reminiscence is the antithesis 
of forgetting — ^it is better retention rather than poorer retention after 
an interval of time. 

Early studies which allegedly discovered reminiscence are open 
to criticism on the grounds of a flaw in method. In these studies S 
was given a certain number of learning trials, then an immediate 
retention test, followed later by a second retention test. If the 
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second test showed greater retention than the first, reminiscence 
was said to have been demonstrated. Let Li, La, and so forth, 
stand for successive learning trials, and let RTi and RTa symbolize 
the two retention tests. The procedure was as follows: 

Lj Lj L3 L4 RTj — — rest — RT2 

If the second retention test produced better performance than 
the first, reminiscence might at first seem to have been demon- 
strated. But, note the error involved. The first retention test 
provided a learning trial. If the second retention test had been 
given immediately after the first, it might have shown greater 
retention than occurred after a period of rest (43). If this were the 
case, reminiscence would not have been demonstrated. It becomes 
apparent that we need a control condition in order to determine 
tmly whether or not reminiscence occurs. Using the same symbols 
as above, our two groups should be put through the following 
procedure : 

Experimental Group: Li L, L* L4 rest RT 

Control Group: Li Lj Ls L* RT 

The difference between the two groups on the single retention 
test would be the basis for determining whether or not reminiscence 
took place. If recall for the experimental group is greater than 
for the control, reminiscence has been demonstrated. The two 
conditions, of course, need not represent different groups of Ss 
since by counterbalancing or randomizing conditions the same 
Ss may serve in both conditions. 

Because of the procedural flaw in the early studies of reminiscence, 
the asserted interpretation of the results, at least as they pertain 
to reminiscence, is in doubt. Reminiscence may or may not have 
occurred; there is no way of telling. We shall, therefore, limit our 
discussion to more recent studies which are not marred by this 
methodological error. 

If S learns a task to partial mastery and then rests before recall 
and continued learning (relearnii^), we have the basic operation 
which defines the study of the effect of distributed practice (pro- 
vided, of course, we have a control group which did not receive 
the rest). It becomes apparent that the study of reminiscence 
and distributed practice are closely allied, one being a learning 
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phenomenon (effect on speed of learning) and the other, a reten- 
tion phenomenon (effect on recall). Because of the near identity 
of the conditions under which the two phenomena are studied, 
it has wisely been suggested (56) that we limit the term reminiscence 
to the improvement in recall following rest and reserve relearning 
trials or triab to reach a given level of mastery follvamg rest as the basic 
reference measure for determining the influence of distributed 
practice. Such a distinction will be used here with the imder- 
standing that both phenomena will probably turn out to have a 
common explanatory basis. 

Ward’s study with nonsense syllables. The earliest systematic 
study of verbal learning and reminiscence was published by Ward 
(399) “ I937> study has served as the prototype for later 

researches. In Ward’s extensive experiment, serial lists of 12 non- 
sense syllables were used as learning material, and two conditions 
were varied by the use of several groups of Ss. These two condi- 
tions were (i) level of learning before the introduction of the 
rest period, and (a) length of the rest period. Level of learning 
was varied in two ways; S in one case was given rest alter acquiring 
7 out of I a correct responses on a single trial; in another, he 
rested after having recited the list once perfectly. For each of these 
two conditions, rest intervals of 30 seconds, a, 5, 10, and ao minutes 
were used. Relearning in all cases was carried to a criterion of 
a successive perfect trials. The basic control condition was the 
learning of a list to a criterion of a perfect trials without any rest 
period other than the 6 seconds which intervened between trials. 
Reminiscence is shown by differences in mean recall on control 
and experimental conditions (Fig. 85). 

Ward’s recall data for the experimental conditions — as compared 
with the control — showed that the greatest reminiscence occurred 
at about a a-minute interval when Ss learned to either level of 
mastery. These results have been supported by Hovland’s (e.g., 
157) work with nearly identical materials and methods. 

It may be wondered how Ward could get reminiscence on 
conditions in which S learned the list to mastery (one perfect 
trial) before the rest period. Under such conditions what is there 
to be “reminisced?” The facts are that even though S reaches a 
criterion of one perfect trial, there is a fairly high probability 
that he will not get the items all correct on the following trial. 
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Indeed, on the 6-second condition. Sa got only a. mean of 9.75 
items correct on the trial immediately following the first one on 
which all la items had been correctly anticipated. Hence, any 
gain above the 9.75 mean score after longer intervals wotdd be 
indicative of reminiscence. 



Fio. 85. Reminiscence as a function of time and two degrees of original learning. 
Area above doited lines indicates reminiscence. Data from Ward (399). ^ 


Reminiscence in porsuit-rotor learning. Reminiscence is a 
common phenomenon in pursuit-rotor learning. It will occur after 
varying degrees of learning and after rest intervals lasting from a 
few minutes to several hours. We shall consider briefly a study 
by Ammons (4) as representative of methods and results. He 
used 35 groups of Sa (Design Method II), varying both the amount 
of practice before the rest interval and the length of the rest 
interval. Take, as an example, one scries of conditions on which 
ifg were given 17 minutes continuous practice. Following this work 
period, rest intervals of .33, 2, 5, 10, 20, 60, and 360 minutes 
were introduced for 7 groups of 14 5 s each. The amount of increase 
in time on target from the 17th to the i8th minute provides an 
index of the influence of rest intervals introduced between these 
2 periods. 

The results (Fig. 86) demonstrate that reminiscence 
as the interval increased up to 10 minutes, after which it re- 
mained relatively constant for at least an hour. With 6 hours rest 
there was a decrease in reminiscence, although the amount of 
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reminiscence after 6 hours rest was still greater than the amount 
after 20 seconds rest. 



Fia, 86. Reminucence in pursuit-rotor learning as a function of length of test 
interval. Data from Ammons ( 4 ). 


Ammons’ study, when compared with Ward’s study, seems to 
imply that the length of rest interval after which reminiscence 
will occur in motor learning is much longer than that for verbal 
learning. The facts as they stand at present with regard to remi- 
niscence in verbal learning are that the phenomenon appears to 
be dependent upon a highly restricted set of conditions, an analysis 
to which we shall turn at this point. 

Problems of reminiscence. Buxton (56) has called reminis- 
cence a "now-you-see-it-now-you-don’t” phenomenon as far as 
verbal materials are concerned. The reason for this is that some 
£s have been unable to secure evidence of reminiscence under 
conditions which seem highly favorable for its appearance. The 
most consistent failures have occurred when serial lists of adjectives 
were used (57, 256, 415), and the failures occurred despite the fact 
that other conditions in the experiments were quite comparable 
to the conditions under which Ward and Hovland, using non- 
sense syllables, found reminiscence. These facts suggest that for 
verbal learning a very critical variable is meaningfulness, with 
reminiscence occurring only with low meaningfulness. 

One of tire difficulties of tiatiy stating that meaningftilness is 
the critical dimension is that no studies have been done in which 
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mcaningfulness was varied and intra-task similarity held constant. 
Furthermore, as we previously pointed out, it is not a simple task 
to vary meaningfulness independently of intra-task similarity. 
The more meaningful the items taken individually, the more 
probable it is that intra-task similarity will be low. It is possible, 
however, to have high meaningfulness and different degrees of 
intra-task similarity if E constructs his materials with that objective 
in mind. It is very likely that the critical dimension, then, is intra- 
task similarity and not meaningfulness (57), with reminiscence 
occurring at high degrees of intra-list similarity. Previous studies 
may not have found reminiscence with meaningful material 
because intra-list similarity (imless specifically controlled) is likely 
to decrease with increasing meaningfulness. 

There are several minor problems relating to research on 
reminiscence, e.g., rest interval activity, spelling vs. pronunciation, 
but space does not permit us to discuss them, Buxton’s (56) recent 
review contains the best summary of all these problems. 

Reminiscence was originally interpreted by the same theory 
used to explain distributed practice (differential rates of dissipa- 
tion of positive and negative states) as analyzed in previous 
chapters. However, the more recent evidence implies that such 
a theory may be inadequate for both distributed practice and 
reminiscence and that an adequate theory must relate the concept 
of generalization (produced by intra-task similarity) to both 
phenomena (57). 

Time Interval Between Learning and Retention Test: 3. 

Change in What Is Remembered 

If Ss are asked to recall material learned earlier, they may be 
able to reproduce it perfectly, partially, or not at all. In addition, 
it is commonly observed that S may produce a giom response in 
a partially correct way. Partial recall of a response is to be expected 
for all types of material and in a quantitative sense represents 
a partial memory error, on a response dimension with perfect 
recall at one end and zero recall at the other. In verbal material, 
for example, if the correct response is “aflame,” S may respond 
with “flaming”; or, Underwood may be recalled as Woodward, 
If a person is asked to recall a prose passage certain essential ideas 
may be present in his recall, although the precise wording may 
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vary from the original. If S is presented with a geometrical 
for a few seconds and then asked to draw it, his reproduction 
may be correct in general form but erroneous in detail. 

The method of quantifying the results of retention experi- 
ments is largely up to E. He may count any deviation from the 
original response as being “wrong”; he may give credit for partial 
responses, or he may study the partial responses for what they 
can tell him about the memory process. We shall, at this point, 
concern ourselves with the latter procedure. 

Two methods may be used to study changes in what is re- 
membered. One method is that of successive recalls, in which the 
same S successively recalls or reproduces the same material after 
various time intervals. E observes the changes which take place 
from recall to recall. A second method is used to eliminate the 
influence of one recall on a subsequent recall by employing a 
different group of Ss for each time interval. The changes which 
take place may be attributed to factors other than those involved 
in previous recall attempts. The two methods yield different results 
(»39)- 

Bartlett’s work. Some of the most elaborate studies of changes 
in retention with time have been published by Bartlett (13), a 
British psychologist. Bartlett has used many different materials, 
and although he has not insisted upon rigid experimental con- 
trols or quantified his data to any extent, he has brought out 
certain factors which may enter into the observed changes in 
successive recalls. We shall consider a few of his procedures and 
results. 

In one series of experiments Bartlett required •S's to read a ^ort 
passage of fiction. The passage was characterized not only by its 
disconnectedness (little continuity of events), but also by dramatic 
content. S read the passage twice and immediately reproduced 
it as best he could. Then reproduction attempts took place after 
a day, after several days, and so forth. As would be expected, 
successive reproductions brought about changes in the content of 
the story. For one thing, Si seemed to strive to make the story 
have meaning — to avoid the disconnectedness which was apparent 
in the original. To do this, ideas were imported, i.e., made up, 
and inserted at appropriate places. Detail seemed to be remem- 
bered if it fitted 5 ’s original interests and attitudes; if not, the 
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detail was forgotten or changed so that it coincided with interests 
and attitudes. Changes, rationalizations, omissions, and so forth, 
all seemed to take place in accordance with each S's general frame 
of reference. 

From analyzing the successive reproductions in a rather sub- 
jective fashion, Bartlett believed that S’s personal attitudes and 
interests caused these changes. However, we need ,not doubt the 
gmrtd finding. As we successively recount our own experiences, 
we may make them become less and less like the original and 
more and more a product of our “fill-ins.” The fill-ins are no 
doubt determined by our interests and attitudes toward the 
experience and by what we wish the recounting of the experience 
to accomplish. The memory errors of court witnesses are well 
known. It is customary at present to attribute these alterations 
and distortions to the individual’s frame of reference, about which 
we shall have more to say later. 

In another experiment Bartlett presented Ss with a series of 
cards on which were printed signs (figures or drawings) and also 
a word for which the sign was to stand. The task was essentially a 
paired-associate learning problem. S was told that he was to learn 
to connect the sign and the word so that if the word were given 
him he would be able to reproduce the sign. S was allowed 7 
minutes for study, or less if he felt he knew the pairs before the 
time was up. 

Bartlett took a recall after 15 minutes and then every a weeks 
for some time thereafter. His method of measuring recall was 
ingenious. He dictated a story for S to copy and whenever a word 
occiirred in the dictation which was among those for which a 
s^ had been leatned, 5 was supposed to use the sign instead of 
the word; > 

Among Bartlett’s findings was the fact that signs which had 
no meaning in and of themselves were among the first forgotten. 
If 1? seemed imable to relate a symbol to his background of 
experience, it was readily forgotten. For example, a straight line 
with two cross-hatches stood for wind, and this sign was quickly 
forgotten. On the other hand, a drawing of an eye stood for 
and this was remembered very well. If a word had an already 
used conventional sign attached to it, then the experimentally 
learned sign, on successive recalls, came to be more and more 
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like the familiar conventional one. Dots, used as eyes in representa- 
tion of a face, became more “eyeish”-looking with successive 
reproductions. This illustrates the influence of previous learning 
on the changes in what is remembered. Details which were not 
clearly attached to the main figure often disappeared unless the 
detail was particularly novel, in which case it was especially 
resistant to change with successive reproductions. 

Bartlett has shown that rather drastic changes may take place 
in what is remembered- — but because of the non-quantitative 
nature of Bartlett’s results and because of the possible confounding 
of variables (learning time, intra-task similarity, and so forth), 
it is difficult to indicate exactly what causes them. Nevertheless, 
Bartlett’s pioneering work abundantly demonstrates that previous 
learnin g is the prime factor in efiecting the retention changes 
in other learned material. Here “previous learning’’ must be 
broadly interpreted to include also the attitudes, interests, motives, 
and so forth, which are a part of iS’s acquired repertoire of 
responses. 

Successive reproduction vs. single reproduction. Hanawalt 
(139) used geometrical figures, nonsense figures, and so forth. After 
iS" had studied the material, he recalled it at various intervals of 
time following the study period. From one group of Ss immediate 
recall was required and then successive recalls after i, 4, and 8 
weeks. This is the method used by Bartlett. However, Hanawalt 
extended his study by using several additional groups of Sa, asking 
them to recall only once following the immediate recall. One 
group thus recalled after i week, another after 4 weeks, and 
another after 8 weeks. These groups had been equated in ability 
before the major experiment started. 

The difference in the results produced by the two procedures 
— successive reproduction by one group vs. single reproduction 
by different groups — ^was quite marked. With successive reproduc- 
tions by the same Ss, the frequency of correct reproductions 
remained almost constant, whereas with corresponding time 
intervals for different groups of 5 s an Ebbinghaus-type curve 
resulted. Although Hanaw^t found changes in the figures of 
the successive-reproduction -group, he was unable to discern 
any systematic trend. He bdieves that the changes observed by 
other Es, e.g., Bartlett, are largely a function of the successive- 
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reproduction method rather than a function of some intrinsic 
change within the memory itself. Changes took place, it was 
true, when Hanawalt’s i's made only one delayed recall, but 
for longer intervals these changes were so considerable that the 
reproduced figure bore little resemblance to the original, and 
there was no consistency from S to S as to the nature of the 
change. 

Another interesting discovery in Hanawalt’s study was noted 
during the lear ni ng session when 5 was required to reproduce 
the figures with the figures themselves directly in front of him. 
Even under these conditions 5 ’s reproductions were not duplicates 
of the design. Instead, he tended to sharpen certain features and 
modify others. Such changes, had they gone unnoticed, might 
be attributed to changes in what is remembered. Hannawalt, 
however, shows that some of these changes would be present 
as a function of perceptual inaccuracies and simple inability to 
draw the figures from a pattern, with no need to invoke changes 
in memory to account for them. 

Very strikingly, these studies and others have shown that changes 
in what is remembered take place with the passage of time. We 
have no proof that these changes indicate the operation of 
mechanisms which are different from those which produce complete 
forgetting of a response. Forgetting is not an all or none affair; 
it may be of all degrees. Changes in what is remembered represent 
an intermediate degree between perfect reproduction and no 
recall. 

Degree of Learning 

Other things being equal, the greater the degree of learning 
the better wUl be the retention. This is one of the more obvious 
variables determining the amount of forgetting with passage of 
time, and we need to give it only enough attention to understand 
the methods of analysis. Ebbinghaus’ study of this variable, some 
of the results of which are presented in Table 30, are as clear-cut 
as any more recent data. His degree of learning was determined 
by the number of repetitions of the lists of syllables, and retention 
was measured in terms of time saved in relearning. The data show 
clearly that with the increase in number of repetitions of a list, 
there is an increase in savings scores after 34 hours. 
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TABLE 30 

IlWLXJENCE OF DeGBBE OF LeARNINO ON RETENTION AfTER 24 HoURS 


Jfumber of 
R^etitions 

Relearning Time {See.) 
Afur 24 Hours 

Time 

Saved {See.) 

0 

1270 



8 

1167 

103 

16 

1078 

192 

24 

975 

295 

32 

863 

407 

42 

697 

573 

53 

585 

685 

64 

454 

816 


Data from Ebbinghaus (83), 


The influence of degree of learning on retention may be deter- 
mined when the material has been learned past a criteron of 
one perfect trial. Thus, S may be requested to keep repeating the 
list (overlearning) even though he repeats it perfectly. Krueger 
has demonstrated that continued repetition of a list beyond the 
criterion of one perfect trial will enhance both the recall and 
relearning scores after various time intervals (205). 

In dtermining relationship between degree of learning and 
retention, another method involves working with each stimulus- 
response connection. This may be illustrated by unpublished data 
gathered by the author. Lists of paired associates were learned 
by the usual method in which the order of pairs was varied 
from trial to trial, so that serial associations were largely avoided. 
Retention measurements (recall) of the ten pairs of adjectives 
composing each list were made so minutes after original learning. 
When results were analyzed, the strength of a given response 
tendency was not determined by the number of repetitions of 
the list; rather, it was determined by counting the number of 
times the response had been anticipated correctly during learning. 
It was assumed that each time a response was correctly antici- 
pated, an increase in the strength of that stimulus-response con- 
nection took place attributable to the reinforcing effect of being 
correct — the O.K. reaction. Hence, all pairs which had been 
given zero reinforcements (had never been anticipated correctly 
during learning) were put together; all of those which had been 
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given one reinforcement were placed togethei’, and so on. To 
increase the number of cases, those items with 3 and 4 reinforce- 
ments were combined as were those with 5, 6, and 7 reinforce- 
ments. 



Fio. 87. Retention as a function of degree of learning. The interval between 
learning and recall was SO min. The number of cases on which the values are 
based is shown in parentheses. 

The relationship between number of reinforcements and for- 
getting is shown (Fig. 87) by the per cent correct recall for each 
degree of reinforcement. With zero objective reinforcements 
during learning, 11 per cent of the items were correct after 30 
minutes, thus indicating that the initial reinforcement process 
is covert, i.e., reinforcement may take place without S overtly 
anticipating the response. 'The curve as a whole shows that there 
is a direct relationship between degree of learning (as defined by 
number of reinforcements) and amount retained. 

Type of Material 

In studying the influence of type of material on multiple- 
response learning (Chapter XII), we referred to three variables; 
(i) meaningfulness, (a) intra-task similarity, and (3) affective 
tone of material. In evaluating- type of material as it influences 
retention we shall add a fourth task variable, amount of motor 
involvement. 
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Meaningfulness. Wc have seen that meaningfulness profoundly 
affects speed of learning. We have said (in the introduction to 
the present chapter) tliat • speed of learning and speed of for- 
getting are inversely related — ^thc faster the learning, the slower 
is the forgetting. According to this principle we should expect 
that the greater the meaningfulness, the slower is the forget- 
ting. In so far as can be told at present this relationship 
to hold, although no careful study has been reported in which 
meaningfulness has been varied while holding other variables 
constant. v 

In view of the fact that we do not have satisfactory data for 
several points along a dimension of meaningfulness, we shall cite 
evidence which leads one to infer the general relationship just 
mentioned. Reed (303), in the study of concept formation reported 
in Chapter XIII, compared his results on retention of these 
concepts with Ebbinghaus’ results for nonsense syllables. Reed 
showed that in a great many respects his procedure — except 
for the material — ^was quite similar to the procedure used by 
Ebbinghaus. After six weeks Reed found only 10 per cent loss 
in retention of concepts as compared with almost 80 per cent 
loss in the case of Ebbinghaus’ nonsense syllables. The curve of 
retention of poetry shows a form which is similar to the nonsc 
syllable retention curve, but it never falls as fast or as far over 
comparable time intervals (406); retention curves of factual 
material show about the same relationship (80). The retention of 
substance material (ideas which cannot be derived from a single 
sentence) shows only slight loss over a period of 80 days (34). 
There seems to be enough evidence to accept the general principle 
tentatively, although this evidence is far from systematic, and 
we cannot be sme that other factors, such as intra-task similarity, 
have been comparable for the various tasks in these studies briefly 
cited. 

We should discuss some of the difficulties involved in designing 
a systematic study of meaningfulness as it influences forgetting. 
Suppose we have two sets of materials which vary only in 
meaningfulness; intra-task similarity, affective tone, and so forth 
are the same for both lists. Wc wish to determine whether there 
is a difference in retention of the two lists. Obviously, our first 
step is to require Ss to learn the lists. Since the two lists vary in 
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meaningfulness, we know that they will be learned with different 
speeds. Consequently, we cannot use a constant number of trials 
or time for both lists, for the degree of learning attained would 
be different and degree of learning as such effects rate of forgetting. 
An alternative would be to have both lists learned to the same 
criterion, perhaps one perfect trial. This would be fairly satis- 
factory, but would still not provide an accurate equation of degree 
of learning. Let us look closely at the reason for this. 



Tr)«)s 

Fio, 88, Hypothetical illustration of dilBculty in equating’ degree of learning 
of materials learned at different speeds to the same criterion. 


If the two lists arc learned to the same criterion but at different 
speeds, the slopes of the two curves are different. An extreme 
hypothetical case is pictured in Fig. 88. Both lists, one of low 
meaningfulncss and one of high meaningfulness, were taken to a 
criterion of 8 out of la correct responses. Let us say only two Ss 
are involved, known to be of equal learning ability. The list of 
low meaningfulness is learned to the criterion in 3 trials, the list 
of high mcaningfulness in 10 trials. Is the degree of learning equal? 
If we were to extend the curves for an additional trial, we would 
in effect be measuring how much each 5' had learned up to and 
including the criterion trial. When we do this, we see that the 
degree of learning for the list of low meaningfulness is actually 
less than that for the list of high meaningfulness. The figure 
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shows that with a list of high meaningfulness, S would get lo 
correct on the next trial, whereas with low meaningfulness, he 
would have only 8.5 correct. 

Unless the speed of learning of the two lists is drastically different, 
as in the illustration, the error resulting by having a mastery 
criterion is not large, but nevertheless it is an error. We can see 
that a more satisfactory equalization of degree of original learning 
could be accomplished by setting the criterion of learning for the 
list of high meaningfulness slightly less than for the other, so that 
the extended curves would show approximately equal degrees of 
learning if a subsequent tjrial were given. This problem, the problem 
of equating degree of learning, is present in all studies of retention where 
type of material is varied. 

Another difficulty should be mentioned briefly. In long term 
retention studies with highly meaningful materials, it is possible 
that S may rehearse during the retention interval. There is really 
no satisfactory way of checking this dnee Ss’ reports on this matter 
are always open to question. He may forget not only the material 
itself but also that he rehearsed. If rehearsal is reported our 
relationship is confounded. Instructing S not to rehearse may be 
an invitation to rehearse. For careful derivation of a law con- 
cerning the relationship between type of material and degree of 
forgetting, it would be better if the retention tests for different 
materials could be made after short rest interveils during which 
Sa’ activity could 5 e controlled more adequately. For long term 
retention studies it must be assumed that rehearsal, if it takes 
place, is equal for material with different degrees of meaningful- 
ness. This is not a sound assumption to make, especially if the 
meaningful material is intrinsically interesting — something which 
few Sa report concerning nonsense syllables. 

Intra-task similarity. We have indicated that it is possible 
to maintain a constant degree of meaningfulness while varying 
intra-task shnilarity. Since intra-task similarity influences rate of 
learning, we also recognize that the problem of equating degree of 
learning is the same as discussed for meaningfulness. 

■ One way of manipulating this variable is to use two lists of 
different degrees of intra-task similarity. Employing this pro- 
cedure, Gibson (108) has shown that the greater the degree of 
intra-list similarity the more rapid is the forgetting. The paired- 
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associate lists were made up of geometrical figures as stimuli and 
nonsense syllables as responses (see Chapter IX), with the similarity 
of the stimuli varied. 

Another method of manipulating intra-task similarity is to vary 
the items within a single list. Buxton and Newman (58) prepared 
two serial lists. In one list were six nonsense syllables and two 
nonsense-like figures (relatively meaningless line drawings), and 
the other, six figures and two syllables. Taken individually, all 
syllables and figfurcs had approximately the same degree of mean- 
ingfulness. Where there were six syllables and two figures, it was 
presumed that the two figures were more set apart or isolated 
than were the syllables. The reverse would be true in the case of 
six figmes and two syllables. To learn the lists, S would have to 
differentiate among six items of one kind, but between only two 
of another kind. Results of the study as a whole show that the 
isolated items were learned more rapidly and retained better than 
the six items of a kind. 

It is a fair conclusion that, other things being equal, tlie greater 
the intra-task similarity the slower is the learning and the more 
rapid is the forgetting. 

Afifectilvity. Previously (Chapter XII) we have examined some 
of the obstacles to a clear-cut test of the influence of affective 
tone of the material on learning. These diflBculties, of course, will 
make an interpretation of forgetting following learning equally 
ambiguous. In as near final form as possible we wish to point out 
the major difficulties of interpretation which the' procedures and 
results connected with the isolation of this dimension have 
encountered. 

First we should mention that there is no experimental agree- 
ment on whether pleasant, unpleasant, or neutral material is 
forgotten most rapidly. The reasons for this are largely those 
which were mentioned in Chapter XII — ^inadequacies of experi- 
mental des^. A second point to bear in mind is that there is 
no agreement on the operation which must be performed to 
define this dimension. Indeed, it may weU be that not one but 
several dimensions are actually being manipulated. Pleasantness 
and unpleasantness have commonly been used to designate the 
extremes of the dimension, but the actual placement of the mate- 
rial on the dimension has been attempted in several ways; and 
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there is no assurance that the different methods are tapping the 
same process. 

Edwards (85) has called for restatement of the problem of 
the retention of affective experiences, not in terms of pleasantness 
and unpleasantness as such, but in terms of whether or not the 
experience or material learned conforms with the individual’s 
frame of reference. He believes that the contradictory results 
concerning retention of alleged affective experiences may be due 
to the fact that pleasant experiences need not necessarily conform 
to the frame of reference and that unpleasant experiences need 
not be at odds with the frame of reference. For Edwards the degree 
of conformity to the frame of reference is important — ^not whether 
the experience is pleasant or unpleasant. 

Frame of reference in this context is rather loosely defined but 
is assumed to indicate an individual’s values and enduring attitudes 
on various matters. Thus, a speech with a strong communistic 
leaning would not fit into the finme of reference of a Republican 
senator from Iowa. It is Edwards’ hypothesis that if experiences 
conform — do not conflict — ^with the frame of reference, they will 
be better retained than if they do not so conform. 

I. Edwards^ Experiment, To test the hypothesis, Edwards per- 
formed an experiment (84) in which three groups of 48 Sa each 
were singled out (by an attitude scale) with respect to their attitude 
toward the New Deal (the experiment was performed in 1940), 
One group was Pro-New Deal, the second was Anti-New Deal, 
and third was Neutrsd. To these groups a speech was read which 
included statements for and against New Deal policies. Immediately 
after hearing the speech iSs were required to take a multiple choice 
(recognition) test covering the content of the speech. The questions 
were so constructed that half of the correct answers were Anti- 
New Deal statements and the other half Pro-New Deal state- 
ments. The initial test gave a measure of acquisition. Three 
weeks later Ss took the test again; hence, retention measures were 
derived. 

The results of both the learning (immediate recognition test) 
and forgetting (delayed recognition) are shown in Table 31. 
This table indicates that the group with the Pro-New Deal frame 
of reference learned facts (presumably from the speech) which 
were favorable to the New Deal much more readily than they 
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did those which were opposed to the New Deal. On the other 
hand, the Anti-New Deal group learned material consonant with 
their frame of reference more rapidly than they did material 
which was not consonant. 


TABLE 31 

Retention As a Function of the Confoiuiancb or Non-Gonpormance of 
Material to the Frame of Reference 



Mean Correct Responses by Groups 

Correct Anti-Responses 

Pro-New Deal 

Neutral 

Anti-New Deal 

Immediate Recognition 

9.94 

11.77 

13.02 

Delayed Recognition 

7.71 

9.48 

11.77 

Per Gent Loss 

22 

19 

10 

Correct Pro-Responses 
Immediate Recognition 

15.73 

12.83 

10.90 

Delayed Recognition 

14.48 

11.50 

9.52 

Per Gent Loss 

8 

10 

13 


Data from Edwards (84). 


The retention measurements require special consideration. In 
terms of the absolute number of units forgotten over the 3-wcck 
period, there is little difference as a function of the three different 
frames of reference. However, since some consideration must be 
gpven to differences in the level of learning attained (as shown by 
the immediate test), the per cent loss oyer the 3-week interval 
would be the most meaningful statistic. The trends in the per cent 
loss will not satisfy rigid tests of statistical significance, but they 
conform to Edwards’ hypothesis. They also conform with the 
general statement that the slower the learning the faster is the 
forgetting. Thus, with the variable, “frame of reference,” Edwards 
has shown the basic relationship between learning and forgetting 
which has been demonstrated with other variables in the more 
nearly classical laboratory situation. 

Whether or not we need the additional concept of frame of 
reference for this kind of experiment is a moot point. Should 
we merely interpret the differences in learning as a function of 
transfer? Learning material which is highly similar to but not in 
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conflict with already existing ideas and information would produce 
high positive transfer; learning material which is opposed to 
those existing ideas and beliefs would result in straightforward 
negative transfer. Furthermore, the greater the negative transfer 
between two activities the greater is the retention loss of either 
after a period of time. One might well interpret the results of 
this study in such a fashion. The use of the term, frame of refer- 
ence, is intended to be helpful in describing the relationship 
between already existing attitudes or beliefs and the material on 
which S is to be tested. We are, in effect, using the concept to 
state the similarity relationships, and it is obvious that is not 
easy to break down such complex things as political beliefs into 
a unit analysis of the A-B, A-C type, as we have done in treating 
transfer of training. 

Again, in speaking of these sorts of studies, we ought to point 
out that quantitative laws of retention are difldcult to evolve 
degree of learning before the retention interval is equated. The 
major finding of the Edwards-type study docs not concern retention 
but learning. Clearly, wide differences in learning take place as 
a function of the frame of reference or as a function of transfer of 
training. 

a. Other Approaches. There arc several other kinds of studies 
directly or indirectly concerned with affectivity. In an effort to 
produce different rates of forgetting for different materials, Wallen 
(397) has introduced a technique designed to personalize material. 
Hh method, in brief, was to present a series of 40 adjectives to 5 , 
who judged whether he himself did or did not possess the trait 
indicated by the adjective. Some time later the adjectives were 
presented again to •S', this time with a notation after each adjective. 
S was told that a group of Ms friends had rated him on these 
traits and the notations indicated whether they thought he did 
or did not possess the traits. Actually these supposed friends’ 
ratings were bogus and were derived by jE’s systematically reversing 
one half of S‘% own ratings. S, however, fully believed they were 
friends’ ratings. Later E asked S to recall the firiends’ ratings. Would 
iS’s recall be better of those friends’ ratings which were fevorable 
to him, or of those less favorable? Would he recall ratings which 
conflicted with his own picture of himself or would he “repress” 
these? 



FORGETTING — ^RETENTION 535 

The results of this experiment suggest that there will be greater 
forgetting of items which conflict with i"s own evaluations of 
himself, than of those which do not conflict. However, the case 
for a form of selective forgetting based on personal conflict is 
not established. The differential forgetting which occurs is what 
one would expect on the basis of negative transfer of incompatible 
responses, since in effect, S had learned two responses to the 
same stimulus. Since no control for non-personalized interference 
was used, we cannot tell whether or not something is added 
to the forgetting beyond that expected from straightforward 
interference. 

Williams (413) attempted to produce different amounts of 
forgetting by frustrating Sa. They learned a list of paired asso- 
ciates, half of which were words of an aggressive type (e.g., 
fight, haU, curse) and half neutral and not related to aggression. 
Twenty-four hours after learning, Sa were subjected to a new 
situation which was so managed that they inevitably failed. As 
"punishment” for failing they were severely criticized and given 
an electric shock. Immediately after this experience they were 
tested for their recall of the list of paired associates. A control 
group followed exactly the same procedure except they did not 
experience failure and punishment. Comparing the two groups 
there was no evidence of selective retention. The aggressive words 
were recalled no better by the experimental than by the control 
group. 

Sharp (349) used a group of words which were taken from 
case histories of neurotic patients. One paired-associate list was 
known to be acceptable to Sa (e.g., winning-respect), another 
unacceptable (e.g., going-insane), and another neutral (e.g., 
flying-kites). Neurotic as well as normal 5 s learned and recalled 
these lists. Both groups’ results show that the unacceptable material 
was forgotten more rapidly than the acceptable and the neutral 
lists. However, other Ea (339) have been unable to confirm these 
results, and this may mean that a peculiar combination of unequal 
groups and lists differing in difficulty could account for Sharp’s 
results. 

Space does not permit inclusion of other studies. Those briefly 
reviewed above give us samples of various approaches to the 
problems of aflectivity and r^ted variables. Taken as a whole, 
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the studies provide very meager evidence of differential forgetting 
as a function of affectivity. If the procedures outlined in Chapter 
XII are followed, and if learning is carried to a mastery criterion 
before the interval, very likely this variable, at least as 
by Edwards, is an effective variable. In some cases it is agient«^>| 
falsely that material will show differences in rate of forgetting 
without showing differences in rate of learning. The assumption 
is untenable since it implies a characteristic of the material which 
“turns its influence on” after learning even though the presence 
of the characteristic was established before learning. We may, 
of course, introduce conditions after learning which will inflnwf.. 
retention, and we might even change the affective characteristics 
of the material after learning, but unless this is done a character- 
istic of material which influences retention will also mflnenpf ; 
learning. 

Motor-verbal dimension. This dimension, which can be used 
to distinguish different types of tasks, is an extremely difficult 
one with which to experiment. Although we may clearly set up 
tasks with different amounts of motor and verbal involvement, 
it is not easy to get comparable units of measurement. Yet this is 
a necessary step in order to equate the degree of learning of the 
tasks before making retention comparisons after different time 
intervals. Let us look at this predicament. 

I. Maze vs. Nonsense Syllables. McGeoch and Melton (234) 
have compared maze retention with retention of nonsense lists, 
one week after learning. Degree of original learning was the same 
for both the maze and nonsense list (one perfect trial), and 
approximately the same munber of trials was required to reach 
this criterion on both tasks. Three mazes and three lists of 
syllables were used, both sets of materials being of graduated 
ffifficulty. 

These investigators found no consistent evidence that the retention 
of either task was superior to the other. Further, they suggest that 
other Es have supposedly found a difference in retention between 
nonsense syllables and maze habits because the degree of learning 
was not equalized. 

The McGeoch-Melton experiment gives a far from satisfactory 
answer to the question concerning effects of differences in motor- 
verbal involvement on retention. In the first place, of course. 
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only two points on the dimension were actually explored. Sec- 
ondly, it can be argued that these two points are not very far 
apart on the dimension. The basic process of maze learning is 
highly symbolic or verbal, since many Ss learn mazes by mem- 
orizing left-right sequences. The motor component may be 
almost exclusively auxiliary in nature for many .Ss; the arm and 
finger movements may merely indicate a response determined 
symbolically in much the same fashion that movements of the 
larynx are used to indicate a verbal response in learning nonsense 
syllables. If this be true, and undoubtedly it is with many Ss, 
we should not expect a large difference between maze retention 
and nonsense-syllable retention. The situation calls for precise 
analysis of how integral a part are the muscular movements in 
the maze learning process. The Mc-Geoch-Melton experiment 
has shown that retention of a maze habit does not differ greatly 
from retention of a list of nonsense syllables. If, however, the 
maze and the nonsense syllables do not represent significantly 
different points on the motor-verbal dimension, we do not have 
an adequate statement of the relationship for which the experiment 
sought. 

2. Pursuit Rotor vs. Nonsense Syllables. A recent study (211) 
was performed in an attempt to get a clear-cut test of whether 
or not the verbal-motor dimension was effective in producing 
differences in retention. Pursuit-rotor learning was selected as a 
task representing almost complete motor involvement and having 
but little verbal or symbolic involvement. The inevitable non- 
sense syllables were used to represent the opposed end of the 
dimension. Both tasks were repeated for 10 trials each, with 
30-second rest between trials. A trial for the nonsense syllables 
consisted of one complete presentation of the 15-unit Ifat. For 
the pursuit rotor, 30 seconds practice in keeping the stylus on the 
target constituted a trial. Since the 15 nonsense syllables were 
presented at a 2-second rate, the total time as well as the number 
of trials practiced was constant for both tasks. Different groups 
were used to obtain retention measurements of both tasks after i, 
7, 28, and 70 days. 

At the end of the 10 practice trials performance on both tasks 
was increasing almost linearly. On the 10th trial a median of 
5.8 syllables was correctly anticipated and the stylus was kept 
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on the target an average of 4.7 seconds. Retention measurements 
showed that in terms of savings scores the pursuit task was signi- 
ficantly better retained than the syllables. The pursuit-rotor scores 
showed considerable reminiscence, even with allowances for the 
test-retest error. No such finding was in evidence for the retention 
of the nonsense syllables. 

Unfortunately there are several factors which prohibit a clear- 
cut interpretation of these results. The groups were poorly ma tphed 
on original learning scores. For example, on the nonsense list, 
the group which recalled after 70 days had a median of 4.0 
syllables correct at the end of the loth learning trial, whereas 
the group which recalled after one day had a median of 6.0 correct 
at the same point in learning. The one-day pursuit rotor group 
had a median time of 3.34 seconds on the target at the 10th trial 
whereas the 70-day group had a median of 8.31 seconds on the 
target on the loth trial. Retention comparisons made with such 
widely divergent degrees of learning are questionable. How to 
get around this difficulty in the design is an embarrassing question, 
since, if the groups were matched on one task, they may not 
necessarily be matched on the other. 

A stiU more puzzling feature of the procedm-e in this experi- 
ment is that of knowing what to make of the measuring units 
employed to indicate the degree of original learning of the two 
tas^. If one used the same number of trials did that mean that 
the two tasks were learned to an equal degree? Theoretically a 
perfect score on the pursuit rotor would be 30 seconds on the 
target; a perfect score on the nonsense list would be the correct 
anticipation of all 15 items on one trial; for a given trial neither 
task could be performed any better. We know that S would even- 
tually learn to tmtidpate all 15 items correctly — the learning 
curve would level off. But where docs the pursuit rotor learning 
curve level off? At 30 seconds on target ? Even if the iSs’ performance 
could be carried to perfection on the pursuit rotor, would that 
be equivalent to the degree of learning of nonsense syllables which 
are all correctly anticipated? These questions are not handled 
adequately by this study; therefore, we must reject any final 
conclusion that pursuit rotor learning is forgotten less rapidly 
than is nonsense syllable learning. 

It is a real problem to get equivalent degrees of learning for 
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tasks which are quite diverse in nature and for which the response- 
measurement units have no common basis for comparison. There 
is, possibly, one method which might give a fairly satisfactory 
basis for comparison. Suppose both tasks were carried to a point 
where, with additional practice, little change in the level of 
performance resulted, i.e., the learning curves became parallel 
with the abscissa. For nonsense syllables this would probably 
amount to several successive perfect trials. For pursuit rotor 
learning it would require empirical determination; perhaps the 
average S will show little or no improvement past, let us say, 
20 seconds on the target out of a possible 30 seconds. Having 
determined the mean number of trials required for the learning 
curves of both tasks to level off under given conditions, we run 
a second experiment. With new 5 s (from the same population 
as that for which the leveling-off points were determined) we 
equate the degree of original learning for the two tasks by taking 
5 s to a fraction of total learning possible, this fraction being the 
same for both tasks. Thus, if the optimum mean level of learning 
attained on the pursuit rotor under given conditions was ao 
seconds on target out of a possible 30 seconds, we might use 
the number of trials to reach 10 seconds on target as a measure 
of 50 per cent learning, likewise, when the nonsense syllable 
curve levels off — slightly under consistent perfection — ^we could 
use the number of trials to attain half that perfection as indicating 
an equivalent degree of learning to the 50 per cent learning on 
the prusuit rotor. Such a procedure would have to be used on 
tasks which give the same general shape of learning curve and 
even then, the comparisons would be rough. It would, however, 
provide a more precise equation of the degree of learning than 
is usually attained. 

3. Conclusion, We must adjudge that we do not have evidence 
as to whether or not degree of motor involvement is an effective 
variable in and of itself. Inferential experimental evidence might 
lead us to conclude that motor skills are retained much better 
than verbal skills. Pursuit rotor learning, for example, shows litde 
loss (indeed, there is evidence for reminiscence) over several 
hours. It has often been said that we never forget how to ice skate 
or how to ride a bicycle. However, we have seen that with highly 
meaningful verbal material little forgetting is evidenced over 
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several weeks. Yet, nonsense syllables, even if ovcrlearned, will 
show rapid forgetting in a short period of time.* 

These considerations seem to imply that merely evaluating 
the verbal-motor dimension is not sufficient; we must also consider 
the degree of mcaningfulness at the same time. Nonsense syllables 
and substance materials (ideas or facts) may be largely the game 
with regard to their verbal or symbolic character but vary 
markedly as regards meaningfulness. Thus, it may be that only 
when we get low meaningfulness in verbal tasks do we find a 
more rapid rate of forgetting than we do in motor tasks. Gould 
we manage to equate the degree of meaningfulness for verbal 
and motor tasks? The answer is probably no at present, and it 
may be that when we ask the question, “Are motor or arc verbal 
tasks forgotten more rapidly?”, we are asldng a question which 
caimot be answered experimentally at our present stage of 
knowledge and experimental technique. What we can do is to 
use specific tasks, equate the degree of original learning, measure 
retention, state the results of the experiment, and decline to go 
further. Thus, we may discover relative forgetting rates for specific 
tasks, but until we know the relationship between those tasks 
better than we do now, we are not justified in generalizing with 
reference to verbal-motor differences. This dimension remains a 
crude descriptive one without the status of a stimulus variable for 
which we can state the response relationship. 

Massed vs. Distributed Learning 

Two groups learn the same material to the same criterion of 
learning, but one group learns by massed practice and another 
by distributed practice. Will retention vary as a function of these 
two treatments given during learning? The experimental procedure 
is straightforward so we need follow through on only one study to 
demonstrate the method and the relationship. 

Hovland (160) arranged to have 32 Ss serve in eight experi- 
mental conditions during which they learned serial lists of 12 
nonsense syllables. In four conditions the lists were learned by 

* Another line of evidence supports the position that motor tasks are forgot^ 
less rapidly tl^ are verbal materials. The evidence springs from data ( 54 ) which 
show that it is difficult to produce interference between motor tasks. Retention 
of verbal materials, on the other hand, can be markedly depressed by requiring 
S to leam other conflicting material. 
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massed practice, aad retention was measured after 6 seconds (the 
usual inter-trial “rest” interval), 2 minutes, 10 minutes, and 
24 hours. In the other four conditions learning took place by 
distributed practice, as defined by a a-minute rest interval after 
each learning trial. The retention intervals following distributed 
learning were, of course, the same as those following massed learn- 
ing. Learning in aU cases was carried to one perfect recitation. 
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Fio. 89. Relationship between massing and distributed practice and retention. 

Data from Hovland (160). 

Thus, as the design was set up, each S learned four lists under 
massed conditions and recalled and relearned after the four time 
intervals, and each S learned four lists under distributed conditions 
and recalled and relearned after the four intervals (Design 
Method IV). 

As would be expected, learning was more rapid imder dis- 
tributed conditions than under massed conditions. On the aver- 
age, about 14.5 trials were required to learn to one perfect 
recitation under the massed conditions whereas only 9.5 trials 
were required under the distributed conditions. Previously, we 
have spoken of the fact that materials learned to the same criterion 
but at different rates were not perfectly equated. Therefore, 
a slight error in equalizing the degree of learning probably 
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existed in this experiment. The error would tend to Twntr^ thg 
degree of distributed practice learning a little higher than that 
of massed learning. However, the differences in recall, at least 
for the longer time intervals, are great enough so that we cannot 
attribute them entirely to differences in degree of original 
learning. 

The recall measurements are shown in Fig. 89. The difference 
between massed and distributed practice is significant at all points 
except for the a-minute interval, in which the rise in the curve 
following massed practice is interpreted as reminiscence. A con- 
siderable difference appears at the 34-hour recall, with indications 
that the curves are gradually separating. This trend is more 
apparent in the relearning scores which are not shown here. We 
may conclude that even though massed learning requires a greater 
number of trials to reach a given criterion, the forgetting will 
be greater in the long run than will the forgetting of the same 
material learned under distributed conditions. Since similar results 
have been found with several different kinds of material (333) the 
generalization is an important one. 

Context 

All stimuli appear in a context That context may be thought 
of, according to one’s purpose, as consisting of many components 
or patterns or of few components and patterns. A stimulus word 
on a memory drum is printed on white tape background, but this 
stimulru component is in a larger setting of the memory drum, 
the room, the sound of the motor, the light from overhead, and 
so forth. Responses are learned in the usual laboratory procedure 
with as constant a background context as possible, unless that 
context is the dimension being mcplored. 

Common observation will suggest that this is an effective variable 
in producing changes in retention, with the greatest change in 
context between learning and the retention test producing the 
greater decrement in retention. As many of you know, the armed 
forces have a quaint custom which requires one to salute a person 
of superior rank. Yet an admiral is not saluted while he is in the 
barber’s chair nor a general while he is in swimming. The context 
had changed to such an extent that the customarily correct response 
is no longer elicited. 
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In a sense this variable, change of context,- is an “unfair” one 
to bring up since it does not seem to determine “true” reten- 
tion; rather, it shows that adding to or subtracting &om a 
given stimulus context to which a response has been learned 
will reduce the probabilities of that response occurring. Yet, 
the very fact that we know that stimulus conditions never remain 
identical, and indeed may vary drastically in real life situations, 
makes this a very practical sort of experimental variable. Recog- 
nition of the potency of such a variable will also serve as a 
reminder that the three little letters constituting a nonsense 
syllable are not the stimulus but rather the focal point of the 
stimulus complex. Components of this stimulus complex which 
remain relatively constant throughout learning will perhaps be- 
come associated with the response, and their variations at time 
of recall may be expectejJ to reduce the frequency of correct 
response. 

It is difficult to vary large portions of the context systematically, 
and know quantitatively what is being varied. Learning in one 
room and recalling in quite a different room will bring about 
a decrement in retention, but it is hard to plot the change in recall 
as a function of a continuous variable. Hence, laboratory studies 
have inclined to be more analytical by varying just a small portion 
of the stimulus context. We will illustrate this with one study 
performed by Dulsky (8a). 

Dulsky used paired nonsense lists, ten pairs to a list. Back- 
ground context was varied by putting the words on different 
colored papers and then changing the colors at the time of recall. 
Many different colors were used during learning and many 
changes were made at recall. As control it was necessary, of course, 
to have some words retain the same context at recall that they 
had during learning. We may combine all the conditions which 
did have a change in context at recall and compare them with 
aU conditions under which there was no change. Under conditions 
of no change a total of 365 responses were correct at recall, whereas 
under conditions of change only 265 responses were correct. 
More startling, however, is the fact that with no change the lists 
were relearned after 5 minutes in an average of 4.8 trials, but 
with change it took an average of 13.7 trials to relearn — almost 
three times as many trials with change of context as without 
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change. The possibility of interpreting such results in terms of 
negative transfer is apparent. 

Change of context, in short, is an extremely effective variable. 
The greater the change the greater is the decrement in recall. 

Other Learning 

Most theories hold that the interference of other learning is a 
major factor bringing about forgetting; a task is forgotten because 
other learning interferes with its being remembered. Such theories 
have as their empirical basis many experiments in which two 
learning tasks are given S in order to see what influence the learning 
of one (either one) has on the retention of the other. 

Retroactive and proactive inhibition. There are two classes 
of operations by which the effect of other learning or retention 
is studied. One operation produces retroactive inhibition, the 
other proactive inhibition. These may be designated as RI and PI 
respectively. We define RI as the decrement in retention of a 
task as a consequence of other learning coming between the 
learning and the retention test. PI is defined as the decrement in 
retention of a task as a consequence of other learning coming 
prior to the learning of the task on which the retention test u 
made. 

In most cases, as we have seen, some forgetting will occur with 
the passage of time, without the formal learning of other material. 
Consequently, in RI and PI part of the decrement in retention 
is allotted to the other learning under control of E and part to 
“natural” forgetting which would take place without the formal 
learning of another task. Because of this, it is customary to use 
a control condition in which a single task is learned and recalled. 
The amount of the difference between natural forgetting and 
forgetting when another task has been learned is a function of the 
other material. Let A stand for one learning task, B for another, 
and dotted lines for time, and our control and experimental 


conditions are as follows: 
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team Learn 

Learn Test 
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A 
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A is recalled after the same time interval in all three conditions. 
The comparison of retention of A imder HI condition with the 
retention of A under the control condition gives the amount of 
forgetting which is due to the learning of B. A comparison of 
the retention of 4 in the control as compared with the retention 
of in the PI condition gives the amount of forgetting that can 
be attributed to the prior learning of £, Comparing the retention 
of d in the BI and PI conditions would give an indication of the 
difference in forgetting caused by the locus of B, i.e., whether it 
comes before (prior learning) or after (interpolated learning) the 
material to be tested for retention. Design Methods II, III, and 
IV have all been used in studying these phenomena. 

It will be noted that the PI experimental condition calls for a 
retention test of the material which was learned second (follow- 
ing JB). This requires that a rest interval be inserted between the 
learning and retention test of the second task; otherwise, there 
would be continuous learning of this second task and no inhibition 
would be expected. The length of the rest interval must therefore 
become a rather important variable in the production of PI. HI, 
on the other hand, can be obtained by giving A-B-A with no 
appreciable interval between tasks. 

We have already seen that comparing the retention under a 
control condition with the retention under an experimfental 
condition gives a basic measure of PI and RI, The retention 
measurements may be any of the four discussed early in the 
chapter, although in actual practice recall measures have been 
most widely used. The decrement in retention as a function of 
other learning may, however, be calculated in several ways, 
(i) It may be expressed in absolute units. For example, suppose 
the mean recall under the control conditbn was six units and 
under the HI condition, three units. The difference, three, indi- 
cates the absolute amount of RI, (s) The amount of inhibition 
may also be expressed in percentage terms. To calculate per- 
centage decrement we subtract the retention under the experi- 
mental condition from the retention under the control condition, 
divide by the retention under the control condition and multiply 
by the usual too in order to change to per cent. This formula is; 
G — E (too). In the illustrative problem it would be 6 — 3 (lOo), 
G 6 
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which is 50 per cent RI, (3) In some studies the absolute amount 
of RJ has not been used; rather, the total forgetting is determined 
by subtracting the retention score on the Rl condition from the 
score made on the last learning trial of that condition. This differ- 
ence is compared directly with the corresponding difference of 
the control condition. (4) Latency of response is sometimes used 
as an auxiliary measure of inhibition. It is assumed that the longer 
the latency of the response at recall the greater is the inhibition. 
With human Ss such a measure is not to be considered a substitute 
for actual recall measures. 

It has often been noted that significant amotmts of RI and PI 
will be found in recall scores, but that following recall there will 
be no significant difference in trials to relearn a control and an 
experimental task. Both RI and PI are relatively transitory (as in 
the case of straightforward negative transfer), but if the amount 
of inhibition at recall is severe, differences in relearning trials 
will appear. 

Important variables. Study of the operations which define Rl 
and PI immediately suggest the variables which are likely to be 
important. It is apparent at once that we are dealing with a trans- 
fer situation and that factors which influence transfer will in- 
fluence RI and PI. Indeed, similarity and relative degrees of 
learning of the two tasks are the two most important variables 
determining the extent of RI and PI. Others which suggest them- 
selves arc the length of time interval between various segments of 
foaming, the time between learning and the retention test, the 
number of tasks which make up A and B, and so forth. 

There will be no attempt here to catalogue or illustrate all 
variables which influence RI and PI, Scores of e3g)erimcnts have 
been performed on RI, but only a small number have been done 
on PI, since it is a relatively recent discovery (iga?)- From the 
many possible factors which have been shown to influence Rl, 
we shall choose three for brief discussion, these three being 
especially powerful in producing changes in amount of 
forgetting. 

I. Similarity. Methods of manipulating similarity arc given in 
Chapter IX. As in the transfer of training situation, unless a 
minimum amount of similarity is present between tasks, little RI 
will be produced. If conditions of similarity are such that they 
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produce high positive transfer, they are likely to produce retro- 
active facilitation also; if similarity conditions will produce high 
negative transfer, they will also produce high HI. The most 
definitive study on this variable has been performed by Haagen 
(133), using paired-adjectives. He has shown that with very 
high degrees of similarity between lists, facilitation will take 
place in recall of the first list. As similarity decreases, facilitation 
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Fio. 90. Retroactive inhibition as a function of degree of interpolated learning. 
Data from Melton and Irwin (S55). 

changes to inhibition and the increase ia RI is very sharp until 
greatest inhibition occurs when the two lists are of the A-B, A-C 
relationship. With dissimilarity of both stimuli and response, only 
slight RI is produced. 

No systematic studies on PI as a function of similarity have 
been performed, but one can infer from several studies that it is 
a very critical variable for PI as it is for RI. 

2. Degree of Interpolated Learning. With a wide range of materials, 
data on this variable are consistent in showing that as the degree 
of interpolated learning increases, while holding the first list, 
(original) learning constant, RI increases. There is slight evidence 
that with great overlearning of the interpolated list, RI may 
decrease slightly. Let us look at the results of one study. 
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Melton and Irwin (225) used serial lists of 18 nonsense syllables. 
The original list was always presented for 5 trials, and the inter- 
polated list for 0 (control), 5, 10, 20, and 40 trials in five 
conditions by Design Method IV. Recall and relearning of the 
original list took place after 30 minutes for all conditions. The 
mean correct items on the first four relearning trials are shown 
in Fig. 90. The first relearning trial is, of course, the recall trial. 
These curves do not show R 1 directly. The amount of RI would 



Fio. gi. Ef as a function of number of interpolated lists, and PI at a, function 
of number of prior lists (s9>}. 

be calculated by subtracting the mean number recalled under each 
experimental condition from the number recalled under the con- 
trol condition. If this is done it will be seen that the amount of RI 
increases with increasing number of interpolated trials up to 20 
trials. The amount of RI with 40 interpolated trials is slightly 
less than with 20. 

For PI the degree of prior learning corresponds to degree of 
interpolated learning in RI. It has been shown that as degree of 
prior learning increases, PI increases (394). The absolute decrement, 
however, is somewhat less than in RI produced by varying degree 
of interpolated learning. 

3. Amount of Interpolated Learning. While increasing degree of 
learning on a single interpolated list produces a marked increase 
in forgetting, even greater amounts of RI results from varying 
the number of interpolated lists (amount of interpolated learning). 



FORGETTING — ^RETENTION 549 

In one experiment (391) the original learning was carried to a 
criterion of 6 out of 10 responses correct on a list of paired two- 
syllable adjectives. On four conditions Ss were presented o, a, 4, 
or 6 interpolated lists for 4 trials each. Each list had the same 
stimuli as the original list but different responses. The conditions 
were counter balanced by Design Method III. The original list 
was recalled after 35 minutes. RI, as shown in Fig. 91, was deter- 
mined by subtracting the mean number items recalled on the 
experimental conditions from the mean number recalled on the 
control condition (zero interpolated lists). 

In the same experiment the number of prior lists was varied in 
exactly the same fashion as were the interpolated lists. The recall 
resvdts, indicating PI, are also shown in Fig. 91. We see that the 
general relationship between RI and PI and number of prior or 
interpolated lists is the same, although the absolute amount of RI 
is greater than the amount of PL 

This brief analysis of three major variables shows how large 
amoimts of forgetting may be produced over very short intervals 
by manipulating other learning. The fact that all these retention 
losses are underscored by similarity of materials makes interference 
among activities a major factor in forgetting. 

RI vs, PI. All evidence points to the fact that forgetting produced 
by RI is greater than that produced by PI over short intervals 
of time, perhaps, a few hours. However, as the retention interval 
increases PI becomes greater and greater until it equals RI. This 
interval, necessary for the two to become equal, will probably vary 
as a ftmetion of a number of conditions. In one experiment (392), 
it was about 48 hours. 

The high degree of relationship between RI and PI as a function 
of manipulable variables strongly suggests that both are based 
on the same mechanisms and together can account for a great 
deal of forgetting. 

The memory span. The memory span is defined as the number 
of units which on the average can be reproduced correctly after 
a single hearing. It has been customary to use one-syllable units 
of some kind (such as digits) as the material for determining the 
memory span. E reads several series of digits at the rate of one 
digit per second, and S attempts to write each series immediately 
after hearing it. S must reproduce perfectly to receive any credit. 
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The series read by E will vary in length from a short series which 
all Ss get correct (perhaps 4 or 5 items) to a long series which 
few get correct (12 to 15). Each length series is presented several 
times. If we want a single measure to indicate the memory span 
for a given S, we may (following psychophysical procedure) 
find the length of series which is correctly reproduced 50 per cent 
of the time. 

lil and PI have been discussed in relation to two tasks or two 
lists. Yet, these same phenomena occur within a series such as in 
the memory span series. Items in a list interfere with the recall 
of other items in the list, and the interference is a fimetion of the 
same variables which produce inter-list interference. It is clear 
that the interference within a list should be a two-way phenomenon; 
items which come after item D should interfere with its recall 
{RI), and those which come before item D should interfere with 
its recall (PI). 

Summary of Variables 

We have discussed aU the major variables influencing forgetting 
as they have been studied by experimental technique. In view of 
the length of this section a summary of the evidence concerning 
these variables is in order. 

1. Time. The greater the length of time between learning and 
the retention test, the greater is the forgetting. 

2. Degree of Learning. The less the degree of learning the faster 
is the forgetting. 

3. Massing vs. Distribution. If distribution of practice enhances 
learning (as compared with massed learning), the rate of forgetting 
wiU be greater following massed learning than it will following 
distributed learning. 

4. Type of material. 

a. Meaningfiilness. The less meaningful the material, the faster is the 
rate of forgetting. 

b. Inira~task sanilaritf. The greater the degree of intra-task similarity, 
the faster is the forgetting. 

e. AffecHoi^. The relatiozuhip is unknown. 

d. Degree ^ Motor Involvement. Experimentally imtested. 

5. Context, The greater the change in context between learning 
and retention, the greater is the forgetting. 
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6. Otiur Learning. The learning of other tasks, especially similar 
tasks, markedly increases amount of forgetting. 

THEORY 

A theory of forgetting must start with the basic facts we have 
summarized and try to account for them with as few assumptions 
as possible. While no attempt will be made to outline a complete 
theory here, we may at least look at the general form which the 
most influential current theory takes. 

It is almost axiomatic that because of the close relationship 
between learning and forgetting, a theory of forgetting must start 
with at least general assumptions concerning the learning process. 
In greater detail, the theory needs to explain the relationship 
between manipulable variables and rate of learning. Since these 
variables also influence rate of forgetting, the outline of a for- 
getting theory is automatically established. Only one additional 
assumption must be made, namely, an assumption concerning 
“what goes on” between the end of learning and the retention 
test which may account for the observed decrement called for- 
getting. 

The researches on RI and PI, on changes in what is remem- 
bered, on intra-task similarity, on context, and on meaningfulness, 
indicate that a key assumption in a theory of forgetting will be 
one which accounts for interference between activities. That an 
interaction between activities takes place, and that this interaction 
produces interference, seems inescapable. Such interference is not 
limited to serial lists or paired associates. Retroactive inhibidon, 
for example, is not restricted in scope, since it has been produced 
with many tasks and many organisms. A recent experiment (263) 
has produced carefully measured retroactive inhibition in cock- 
roaches. Although such a study might.be performed partly because 
those particular iSs are plentiful, E‘s real motive is a desire to test 
the generality of a phenomenon. 

The evidence for interference is by no means entirely inferential. 
During retention tests E observes errors (intrusions) which can 
be traced directly to other learning. He assumes that such intrusions 
are indicative of interference. A theory must then proceed to 
spediy what mechanisms may cause the amoimt of interference 
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to vary and how, in turn, the mechanisms change with manipu- 
lations of the stimulus variables. 

The most acceptable theory at present, that of Gibson (io6), 
makes use of generalization as the mechanism which produces the 
interference. A great many data, from both transfer of training 
experiments and forgetting experiments, support the usefulness of 
the concept. We have seen that the mechanism is helpful in 
explaining the results of many transfer of training experiments; 
we have also seen that retroactive and proactive inhibition are 
merely elaborations of the transfer of training paradigm. 

No one, of course, attempts to explain retroactive and pro- 
active inhibition on the basis of one set of principles, and natural 
forgetting on another. Retroactive and proactive inhibition are 
viewed as ways of heightening or exaggerating the processes 
which are believed to operate in natural forgetting. When S 
learns a single list of words and recalls and relearns that list after 
one week, forgetting is measured and the assumption is that retro- 
active and proactive inhibition produced the loss. If we knew all 
the past learning of S (which produces proactive inhibition) and 
all ihe learning between the acquisition of the list and its reten- 
tion (which produces retroactive inhibition), the presumption is 
that we could account completdy for the measured forgetting 
of the Ust. 

We may, then, use generalization, and its opposition concept, 
differenliation, to explain forgetting. Differentiation is to be 
thought of as an integral part of the learning process. Differentiation 
is the positive process which reduces the generalizing (inter- 
fering) tendencies. The basic assumption of ' llu theory is that 
following learning (when active differentiation is no longer occur- 
ring) the generalizing tendencies preuiously present recover with 
ihe passage of time. On the basis of this assumption one may 
explain forgetting at three difrerent levels of experimeiital opera- 
tion. 

I. WitJda a task. Data on intra-task similarity and learning and 
forgetting support the use of the concepts of generalization and 
differentiation. During the learning of a task in which com- 
ponents are similar, the components must be differentiated — 
generalization among the components must be reduced. If the 
assumption is that generalization tendencies recover with the 
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passage of time following active learning, these tendencies would 
produce interference among response tendencies, hence, forget*; 
ting. 

2. Between known tasks. If S learns two tasks which are similar 
(as in retroactive and proactive inhibition), the first task generalizes 
with the second. Diiferentiation is established as the second task 
is learned. With the passage of time these generalization ten- 
dencies recover, and we have retroactive inhibition when we 
measure retention of the first fist or proactive inhibition when 
we measure retention of the second. Forgetting produced in this 
fashion is added, in a sense, to forgetting stemming from intra- 
task generalization. 

3. Between a task and other unknown tasks. When S learns a task, 
it is presumed that part of the process consists in differentiating 
it from other tasks which he has learned but which are not under 
control of E. With the passage of time, generalization recovers 
and produces interference at recall. 

Such a theory cannot be completely devdoped until more is 
known about response generalization. The assumptions concern- 
ing the characteristics of response generalization made in Chapter 
IX will certainly have to have independent empirical verification 
before the theory can gain a firm footing. Yet at present, such a 
theory (based on both stimulus and response generalization) seems 
to account most adequately for the available fiicts. 

SUMMARY 

1. Retention refers to amount remembered of what was learned at 
some previous time. Forgetting, a reciprocal term, refers to amount 
not remembered. 

2. Since variables which increase rate of learning retard rate 
of forgetting, fairly accurate predictions concerning forgetting 
can be made by studying learning rates. 

3. Four response measures are used in studying forgetting: 
(a) recall, (&) relearning, (c) recognition, (</) reconstruction. 

4. The rdationships between rate of forgetting and each of 
the following variables were discussed: [a) time between learning 
and retention test; (b) degree of learning; (e) type of material, 
including meaningfulness, intra-test similarity, affectivity, and 
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degree of motor involvement; (d) massing vs. distribution of 
practice; («) context; and (f) other learning. 

5. Forgetting is believed to be due to interference among 
response tendencies of different tasks. A theory -which accounts 
for this interference on the basis of generalization was discussed 
briefly. 



CHAPTER XVI 


Work 


INTRODUCmON 

The area of study. The tenn vmkt as the psychologist uses it, 
is not easy to define. The most specific delimitation of its meaning 
which we shall attempt is to confine its use to the performance 
of S when he continues to repeat a well-learned behavior sequence. 
Actually, the topic work is implicit in all the major behavioral 
phenomena with which this book has dealt. Repetition of a response 
may change our discriminal processes (as when visual acuity is 
lowered); work is vitally dependent upon motivation; work may 
bring frustration or conflict; work output may vary as a fimction 
of transfer of training. Indeed, we shall find that separating work 
from learning phenomena is a difficult task. 

Work, as it shall be thought of here, reduces to an experimental 
procedure. S learns a response as well as possible, so that little 
facilitation will occur with further practice; the changes which 
occur thereafter are dealt with as the experimental study of work. 
The presumption might be that during this stage a decrement in 
performance will inevitably result. But since we realize that 
psychological processes are not turned on and off by labelling 
them with new words, we will not be deluded into thinking that 
the processes which produce learning cease when the topic changes 
from learning to work. Therefore, we should not assume that 
decrements will always occur. 

Some of the possible work trends are represented schematically 
in Fig. 93. First, a learning curve is pictured that has reached an 
asymptote for a given set of conditions. Thereafter, continued 
repetition may bring any one of several possible work curves. 
These curves are depicted as showing decrements, but no one 
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doubts that with increased motivation, or, with improved work 
methods (343), the curves could r|se. Part of our task in this chapter 
will be to discuss certain variables which produce differences in 
rate of work decrement as abstractly shown in the various curves 
in Fig. 98. 

In recent years three books (13, 83, 327) largely concerned 
with work and work efficiency have been published. These books 
contain rernews of the literature covering several different ap- 



Fio. ga. Schenutic reladoiuhip of work and learning. After a resronse is 
learned, continued repetition of that response may bring a variety of work decre- 
ment curves depending upon the manipulation of conditions under which that 
work is petfonnM. 

proaches to the study of work. The three approaches treated most 
extensively are: 

1. Physiological Studies. The physiological “cost” of various 
kinds of work. Experiments determine metabolic rates, circulatory 
changes, oxygen intake, and so on, as these accompany work. 

s. Industrial Produelioru Experiments in work output as a function 
of different conditioiu which may be manipulated in the actual 
factory-type work situation. The investigations are set up to 
determine how changes in such conditions as lighting, temperature, 
length of work hours, and so on, affect production, 

3. Philological Laboratory Studies. Analytical investigations of 
work use standardized tasks in an effort to determine specific causal 
factors influencing work output. 

In keeping with the general practice in this book, the 
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physiological studies will not be taken up. Our major emphasis 
will be on the third approach but through it we will be able to 
perceive some of the problems which must be faced in the second 
approach. 

Plan of chapter. In this chapter it will be necessary to stress 
measurement and interpretation problems. By an interpretation 
problem is meant the problem of assigning a specific causal factor 
to account for an obtained result. E, of course, in carrying through 
an experiment, will attempt to control all variables except one. 
However, in the case of long work periods it is quite possible 
that other variables do not remain constant, so the problem 
arises how to interpret the data obtained. In view of the im- 
portance of these problems from the analytical point of view, 
the one we have stressed throughout the book, we shall devote 
considerable time to them. The major divisions of the chapter are 
as follows: 

1. Tasks used to study work 

2. General analysis of work 

3. Measurement problems 

4. Motivation and rate of work 

5. Task variables 

6. Transfer of work decrement 

7. Rest pauses 


TASKS USED TO STUDY WORK 

Tasks which have been used in the study of learning have rarely 
been used in studying work also, apparently because the experi- 
menter cannot control enough of Si’s time to get him well-practiced 
before the work experiment is initiated. The most common proce- 
dure therefore has been to use tasks which fall into one of two 
categories, (i) Tasks which, because of their simplicity, show 
very tittle practice effect. Simple manual work (such as tifting 
weights) or color naming are representative, (a) Tasks at which 
the performance has already reached a high levd of proficiency 
in the normal course of iS^s life. Such a task is illustrated by simple 
arithmetic addition. On the whole, laboratory tasks used to study 
work have been relatively simple as compared with those used to 
study human learning. 
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For discussion purposes we may divide work tasks into three 
categories, depending upon the amount of apparent muscular 
involvement. 

High muscular involvement. Physical labor is studied in the 
laboratory by using a device called an argograph. The ergograph 
may be adapted to measure work output of several di^rent 
muscle groups, such as those of the finger, the arm, or the leg. 
To operate an ergograph S need only pull a weight repeatedly 
through a given distance. Let us illustrate this by describing a 
finger ergograph. S is seated at a table with his arm strapped to a 
board. Usually, all fingers, except the one to be used in pulling 
the weight, are also held firmly against the board. The hand is 
strapped palm up, and to the free finger a cord is attached. The 
cord runs over a pulley on the edge of the table. Thus a weight 
on the end of the cord will rise and fall as S flexes and straightens 
the finger. A small, light stylus attached to the cord marks on 
slowly rotating kymograph, recording the number of pulls and 
the distance of each pull. Typically, S works at a constant rate, 
alternately flexing and straightening the finger at a rate determined 
by a metronome or some other timing device. The instructions 
usually request S to work until he can no longer lift the weight. 
Occasionally a spring “load” has been used instead of the weight. 
Some of the variables in manipulating the ergograph are obvious: 
the amount of load, the distance of the pull, and the frequency 
of pull per unit of time. 

The unit for measuring work output on the ergograph (or on 
other muscular tasks) may vary. Often, the unit used for the 
ergograph is a kilogram-meter^ which is the amount of work required 
to lift a kilogram weight one meter against gravity. E measures 
the' total distance the weight is pulled (from readings on the 
kymograph) and multiplies this by the size of the weight. He 
thus secures the total of work done in a fixed time in kilogram- 
meters. Since the general shape of the work curve is often of 
interest, the total work period may be divided into several sections 
of equal duration and the total work done during each section 
determined. 

A somewhat different method of measurement is illustrated by 
the curve of muscular work in Fig. 93. In this work E determined 
the height of contractions for successive fifteenths of the work 
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period. The data on which the curve is based are mean values for 
nine work periods for one S who, during each work period, lifted 
a S4rpound weight with his arm. 



Succusive Finaenthiof WoiK PtrlDds 

Fio. 93. A -work curve for simple muscular contraction in lifting a S4'lb. weight. 
Data from Neifeld and Poffenberger (st8o). 

Medium mnscnlar involvement. A great many tasks fall 
roughly in the middle range of a continuum defined as amount 
of overt muscular involvement. To cite three of these tasks as 
samples: 

I. Letter Writing. S is asked to write a certain series of letters 
(such as aie) over and over again as rapidly as possible. 

a. Cancellation Tests. S is given sheets with many rows of letters 
appearing on them and is requested to cancel out or draw a line 
through certain letters, say, /, g, and s:, leaving all others un* 
cancelled. The letters may appear as follows: 

ghizpxocivubyntmrlqlwkaospftzgriejsutbfhwutodbtjsydgtkziahdzt 
gdutospxhfjvkwtquftabzythfitudpqtsdlqpxbbgtrofysftgyokheidtvm, etc. 

3. Assembly-Like Tasks. Such tasks as sorting articles, boxing 
or wrapping products, and many others have been used, but 
usually in the actual factory situation. For example, Rothe has 
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published a series of articles on work output of women whose major 
task was to wrap quarter-pound blocls of butter in parchment 
paper (324). 

In most experiments using materials of this nature, S works for 
a constant period of time, the length of the period varying a great 
deal depending upon what problem E is studying and the rate at 
which he requires S to work. The customary response measure is 
output per unit of time. 

Minimnm mascnlar involvement. Again, we list sample 
tasks falling into this category. 

I. Simple Addition. This is probably the most frequently used 
task requiring little overt muscular involvement. The problem 
may be set up so that B pronounces the numbers to be added and 
S responds with the answers, or somewhat more overt motor 
behavior may be involved if E presents the problems on prepared 
sheets and S writes the answers as rapidly as possible. 

s. Color Naming. This task is the one mentioned as often being 
used to fill rest intervals in studies of distributed practice. S views 
a board on which a great many colored paper squares are pasted 
and he is required to name these colors in order as rapidly as 
possible. 

3. Complex Tasks. Complex tasks such as sentence completion tests, 
mental nudtipHeation, and even intelligence tests have occasionally been 
used in work studies. 

A lo-hour performance curve for simple addition is shown in 
Fig. 94. Eight S& worked from 7:30 a.m. until 5:30 p.m. adding 
columns of five 2-digit numbers. The problems were presented 
on work sheets. It is dear that even though S was working at a 
somewhat lower level at the end of the day than he was at the 
beginning, he was in no sense incapacitated. Note also that errors 
tended to increase somewhat as the day wore on. The general 
shape of the curve of correct responses indicates that this is not 
a simple phenomenon; instead, the output is probably determined 
by a number of factors which vary from hour to hour. 

It is quite obvious that the dimension, degree of motor involve- 
ment, -we have used in listing sample work tasks does not at all 
complete the description of the tasks. There ^re other differences, 
such as extent of demands for perceptual acuity (cancellation 
vs. ergographic work), degree of complexity (intelligence test 
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performance vs. color naming), and homogeneity-heterogeneity 
(writing abc vs. arithmetic addition). Later there will be room 
for some data on the relationship between rate of wort and such 



Successive Hours of Work 

Vva. 94. A lo-hr. work curve in adding numbers. Data irom Reed (302). 

GENERAL ANALYSIS OF WORK 

We have observed work curves and know in general the opera- 
tions by which such curves are derived. Before introducing the 
variables which influence the rate of work, hence the shape of the 
curves, it will be helpful to dip briefly into a general analysis of 
the work situation. By so doing it will be possible to integrate 
more adequately tbe results of the various experiments which 
follow. 

Work inkibition. It has been apparent that in studying work 
Es have chosen tasks for which there is very little learning or 
practice effect. Or, they have attempted to get S well practiced 
on the task before initiating the series of work trials. Now, it 
must be asked how one is to view work in relation to learning. 
Learning, it has been said, is a logical construct; it is a hypotheti- 
cal process inferred from an observed increment in performance. 
There is another logical construct applicable when a decrem ent in 
performance occurs with continued repetition of a response under 
conditions which might previously have yielded an increment. This 
construct may be called work inhibition. 
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CharacteristicB of work inkibitiou. Three characteristics 
must be assigned work inhibition if it is to be a useful construct in 
explaining empirical data. 

I. Work inhibition is generated each time a response occurs. 
This implies that it occurs during learning, i.e., during the very 
trials in which there is observed an increment in performance. 
We therefore must assume that when an increment is observed 
positive effects of learning are greater than negative effects of 
work inhibition. However, the learning process reaches a limit 
under a given set of conditions so that further repetition adds 
but little to it. If it is assumed that work inhibition continues to 
accumrdate with each response, we can see that effectiveness of 
learning would be reduced, and we may sooner or later expect 
to encounter a decrement in performance. 

s. The amount of work inhibition which is generated is directly 
related to extensiveness and vigor or effort of musculatures involved 
in making the response. 

“^'Finally, it must be assumed that work inhibition dissipates 
with ^the passage of time. This is a necessary assumption in view 
of the common observation that decrements in performance will 
be reduced if rest periods occur.* 

Relationship of work inhibitioii and previously discussed 
concepts. 1. In Chapter XI we first discussed the possibility that 
facilitation by distributed practice (as compared with massed) 
may be explained by assuming that a negative process is generated 
each time a response is made, and that this process dissipates more 
rapidly with the passage of time than does the excitatory process. 
We can now identify this negative process as work inhibition, as 
the construct is iised here. Empirical data have been presented 
which show that distribution of practice is more beneficial the 
greater the overt motor behavior required by the task. Since w ork 
jjftfcibition is produced by responding, we may suspect that dje 
gr^er’^^Ei^tor involyement, the .greater isjhe amoiuit of work 
inhiEi tionjyhich accrues and the more beneficial rest pem^ will 


* Work inhibition is not used here as a negative motivational atate. In 
the simplified characteristics here assigned work inhibition, we assume 
only that it reduces the probability of response repetition. See Hull (165) and 
Solomon (361) for more extensive and somewhat difierent treatments of work 
inhibition. 
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be. We should expect that, in work studies, distribution of practice 
wijl greatly facilitate output. This has been confirmed many 
times. 

a. We have also seen that some theorists believe extinction of 
a conditioned response results from the development of a work 
inhibition (cf,, Mowrer and Jones, 275), and that the greater the 
amount of work required to make a response the more rapid is 
the extinction. Note, however, that extinction involves the removal 
of the incentive (which is not true in work studies) so no one 
need expect work curves to show characteristics of extinction 
curves. 

3. In Ae introduction to the chapter on forgetting (XV) it 
was suggested that processes which cause forgetting are also 
present during learning, and that these cotild be thought of as 
negative processes, which opposed the positive or excitatory 
processes. The negative processes which cause forgetting are not 
to be considered work inhibition, since they have characteristics 
quite the opposite of those demanded of work inhibition. That 
is, processes which cause forgetting are reduced in inhibitory 
effectiveness during learning and recover in effectiveness with the 
passage of time. We know that if a task is greatly overleamed, by 
requiring S to relearn it many times, very little forgetting takes 
place. This is the situation which is presumed to exist in the study 
of work; the task is so well learned that forgetting processes 
probably play a very minor rdle in the performance. However 
this may be, we shall assume it in order to reduce the complexity 
of the analyses which have to be made. 

The complexity of work data requires that a conceptual frame- 
work be provided for ordering the results of various studies. The 
above discussion provides the particular point of view to be 
employed, but thh view need not prejudice our evaluation of 
experimental procedures as such. 

MEASUREMENT PROBLEMS 

Ideally, work studies would be designed to hold motivation 
constant and learning at zero. However, psychologists have not 
deceived themselves by assuming that all learning is removed 
from work situations or that motivation is always constant. Later 
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the relationship of motivation and work will come up; at present 
we need to look into problems pertaining to learning in the work 
situation. 

Many years ago Thorndike (gyy) fully recognized that the 
actual decrement in performance produced by what we are 
calling work inhibition was probably offset to some extent by 
learning. Thorndike proposed, therefore, that steps be taken to 
measure the work decrement independent of learning, and sug« 



Fio. 95. Illustration of Tbomdike’s method for measuring work decrement. 
See text lor explanation. 

gestcd a method which we shall caU the work-rest method. Figure 
95 shows a work curve for Day i, and three different hypothetical 
performance curves obtained the following day on the same task. 
By the work-rest method the amount of actual work decrement 
produced on Day i is determined by the difference in perform- 
ance at the end of Day 1 and at the start of Day s. Work inhibi- 
tion generated on Day i dissipates, thus leaving the response 
strength at the start of Day a entirely dependent upon learning. 
If, for example, the measurement on Day a was that shown by 
Curve A, the work decrement which took place on the previous 
day must have been much greater than was apparent dining that 
day. The fact that the curve at the start of Day a is higher than 
at the start of Day 1 suggests that some learning took place but 
was masked by the work inhibition on Day i. Thus, the total 
work decrement which actually developed is assumed to be the 
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difference between the score at the end of Day i and the score 
at the start of Day 2. 

If one obtained Curve B on Day 2 he would have no evidence 
of learning, and the measured decrement from beginning to end 
of work on Day i would indicate the effects of work iidiibition. 
If he obtained Curve C he would probably conclude either that 
not enough time had elapsed for the work inhibition to dissipate 
or that forgetting had taken place (assuming that motivation was 
constant on both days). 

Figure 94 showed a lo-hour performance curve for simple 
addition. The performance curve as a whole suggested some 
decrement, although output was not seriously impaired. In this 
experiment 5 s returned the following morning for a lo-minute 
work period in order to allow application of the work-rest method 
of measuring the work decrement which had taken place on the 
preceding day. Let us examine the evidence collected. On the last 
10 minutes of the first day, 5 s correctly worked 424 problems. On 
the lo-minute period of the second day, they correctly worked 503 
problems. Thus, on Day i it appears that the observed work 
decrement, obscured by practice effects, was less than the “true” 
decrement. As determined by the work-rest method the influence 
of work inhibition decreased performance by 79 problems (503- 
424), which, since there were 8 5 s, is an average of over g problems 
in a lo-minute period, or about i problem per minute. 

Difficulty of interpretation. In actual practice, some Es have 
used the work-rest method and some have not. If a stimulus 
variable is being manipulated, relative work decrement produced ^ 
by the various conditions can be obtained without using the 
method. If we are interested in determining the absolute influence 
of work inhibition on output, the work-rest method will probably 
give a better estimate than will measurements during a single work 
period. Certain considerations, however, will show that precise 
interpretation of the obtained measurements is very difficult. To 
use the work-rest method we assume that motivation is the same 
at the end of Day t as at the start of Day 2. Since it is very difficult 
to determine the level of motivafion at the two points, the equality 
of motivation must be assumed, and this is indeed a rather tenuous 
assumption. 

"But,” you may reply, “isn’t decrease in motivation a cause of 
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work decrement, and, if a difference is produced between Day i 
and Day 2 because of differences in motivation, isn’t one justified 
in using the method?” It will, of course, be seen that decrease in 
motivation may certainly produce a work decrement. But the 
rest period between Day i and Day 2 is not inserted to allow 
for an increase in motivation; instead it is there to allow a dissi- 
pation of work inhibition which is defined as being independent 
of motivation. Hence, if the motivation is not constant at the two 
points it is a question just what we are measuring. 

Two other factors complicate the interpretation of results 
obtained by the work-rest method. If S knows that he is about to 
finish work on Day i, he may show an end spurt in performance, 
a phenomenon which is believed to be motivational in nature. 
Secondly, some work curves jihow a warm-up effect, for at the start 
performance accelerates sharply. This phenomenon, if present, 
would confuse the interpretadon of data taken on Day 2, All 
things considered, the major asset of using the work-rest method 
for measuring work decrement is that it demonstrates the com- 
plexity of work phenomena and it shows that practice effects 
may obscure the extensiveness of work decrement. The method, 
however, can in no sense be thought of as the method which 
measures “true” work decrement. The problems involved in 
interpreting data gathered by the work-rest method are not as 
difficult if very short work periods are used, let us say, 10 to 90 
minutes. Fluctuation in motivation is likely to be much less for 
short intervals than for long intervals. With such short work 
periods it may be possible to use fairly short rest intervals, although 
the length of period needed for the dissipation of work inhibition 
is largely conjectural for tasks involving learning. 

It should be pointed out that the work-rest method of measur- 
ing work decrement is almost the same method used to measure 
reminiscence (Chapter XV). The only difference is that a control 
group is not used in measuring work, the assumption being that 
the work curve may easily be extrapolated to the next trial if that 
trial came immediately after the work on the first day. It is not 
only because the two phenomena are measured in the same fashion 
that the similarities should be pointed out, but also because both 
recovery from work and reminiscence (in motor learning, at 
least) may be one and the same thing. The difference in point of 
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measurement — reminiscence being measured during learning and 
work recovery following work decrement i.e., after further im- 
provement by learning is unlikely — should not obscure the possi- 
bility that both may depend upon the same mechanism. 

This general analysis of measurement problems shows that in 
dealing with work decrement we shall have difBculty in pointing 
out specific causal mechanisms which produce the observed per- 
formance. Probably no other situation brings together at one time 
so many antagonistic behavior determinants as does work, this 
being especially true under prolonged work. 

In the design of experiments on work, no new problems are 
encountered. All four Design Methods have been used, with Design 
Methods II and IV most common in laboratory studies. In several 
experiments a -single group of Ss has worked in all conditions by 
Design Method IV, and then has repeated the same conditions 
several times in different orders. Each repetition of all conditions 
is commonly called a cycle; thus, there may be several cycles in 
the experiment. 

Other measurement problems. Thus far we have said nothing 
about Ss' feelings concerning work. Next to weather notes, casual 
interchange of conversation probably deals most frequently with 
topics of personal reactions to work. “I’m tired”; “I’m bored”; “I 
feel restless,” are comments which indicate that we make what 
are technically discriminations (no matter how flippant) about 
our work situations. Since nearly everyone works, the personal 
aspects of work would seem to provide a fertile source of data. 
At present, however, about all we can safely say concerning the 
subjective aspects of work is that there are such aspects, and that 
they vary among individuals and within the same individual at 
different times and in different work situations. Bartley and 
Chute (13), in their recent book, use the tcua fatigue to indicate 
the subjective, personal feelings which are experienced by 5 in a 
work situation. Such feelings, according to these authors, are 
the most pertinent data in the work situation, and they believe 
that when techni ques or methods are developed by which these 
experiences can be measured for each individual, the current 
emphasis on work output will become secondary in the laboratory. 
For present purposes, however, we shall have to retain the emphasis 
upon work output. 
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MOTIVATION AND RATE OF WORK 
Introductioii 

In long term experiments on work it is almost impossible to 
segregate the influence of motivation from the influence of other 
factors. This problem is present in learning investigations but to 
a less critical extent. In the first place, most learning experiments 
cover relatively short intervals; extended learning experiments 
contain provisions for rest intervals, so that motivation will not 
drop. Furthermore, in studying learning, motivation can be sepa- 
rated most clearly from other factors by using animals. Animals, 
however, can seldom be made to do extended work because 
performance must be accompanied constantly by incentives which 
in turn reduce the motivation. It is possible that the larger animals, 
such as horses, might be capable of becoming laboratory subjects, 
but the white rat would be diflficult to handle in a work situation. 
We do not say, of course, that motivation of humans is not reduced 
by long periods of work, but everyone knows that humans will 
continue to work for long periods. It is known in such cases, 
therefore, that motivation is not zero. 

Preliminary analysis. Let us suppose that S, working under a 
given set of conditions, shows a gradual decrement in his work 
output. We offer him a sizeable prize for increasing his perform- 
ance. He does so, and the curve rises. Are we to say that this 
demonstrates learning? From a sheer definitional standpoint it is 
learning, although it is not commonly called such unless the 
performance rises to a level beyond that which it had been at the 
start of the work series. Yet, this criterion is not satisfactory. It is 
possible that the rise in performeince beyond previous levels reflects 
learning which had taken place during the interval between the time 
when the work period started and the introduction of the incentive. 

The rate of rise is probably the most satisfactory criterion we 
have for distinguishing between new learning as a consequence 
of additional incentives and old learning (which is depressed by 
work inhibition and only shows itself when an incentive is intro- 
duced), We know that learning is a gradual process. If, following 
the introduction of an incentive in a work situation, the per- 
formance “jumps” to a higher level, it is unlikely that new learning 
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is involved. Such a situation was reviewed in Chapter VI, and 
the results shown in Fig. 3a. There was no evidence of gradual 
improvement j rather, it was as though the incentive (competi- 
tion) brought out ability already acquired. On the other hand, 
there is evidence that new learning can be involved in such situa- 
tions. In Kitson’s classic study (199), hand compositors in a 
printing firm were offered a bonus for more rapid work. The 
men had been employed in this capacity for an average of 10 
years before introduction of the bonus system. For many weeks 
after introduction of the bonus, production continued to rise; 
there was no jump to a given level. If this were merely a matter of 
the incentive “bringing out” previously acquired learning, we 
would have expected a sharp rise in output. Such evidence leads 
to the conclusion that incentives offered for increased rate of 
work may not only increase the motivation to exhibit learning 
which had already taken place, but may also provide a facilitating 
condition for more learning. 

The fact that incentives may increase rate of work demonstrates 
the possibility that increased motivation coimteracts wqrk inhibi- 
tion. Let us examine Ttisome detaU several experiments relating to 
incentive variation and set. 

Incentive Variation 

Positive incentives have been shown universally to (i) delay 
work decrement, (2) prevent it, or (3) increase performance. 
These relationships hold only if the incentive is pertinent to a 
motivating condition. If a young girl working in a factory is 
forced to turn her pay check over to her father each week, a 
money bonus would probably bring litde improvement in her 
production, whereas, let us say, a bonus of a fur coat would. The 
incentive must be such as to enhan ce and sustain a dominant 
mQtive. 

Ergographic work. In em experiment by Preston, Brotemarkle, 
and Campbell (299), 48 male Ss were used to determine the 
influence of simple incentives on work output of both the finger 
and the arm. All Ss served in 2 sessions, i week apart. An unusual 
technique was used to arrange experimental and control condi- 
tions, in that incentives were given for work with the left aim 
and left finger but no incentives were given for work with the 
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right arm and right finger. On the first session, all 5s worked 
with no special incentives in producing an ergogram for their 
right arms and fingers, and left arms and left fingers. On the 
second session, ergograms were taken on the right arm and right 
finger without incentives and on the left arm and left finger with 
incentives. Differences in the amount of work at the first and 
second session with right arm and finger as compared with 
differences in work with left arm and finger gave the quantitative 
measure of the influence of the incentives. The order of work was 
counter-balanced for the different appendages during the first 
session. On the second session the ergograms on the right arm and 
right finger were taken before those on the left arm and finger. 
Thus, there was no possibility of transfer of incentive influence, and 
if there were any transfer of work decrement from the right arm 
and right finger work to the left arm and left finger work, this 
procedure would tend to minimize the influence of the incentives. 

After taking the ergograms on the right arm and right finger 
on the second session, E told 5 : (Remember, the 5s were men). 

Last week I studied the records you made in a number of ways and 
discovered that you were doing just a little better on the whole than the 
average of loo women studied here last year. I think that you can do 
better than that. What I am going to do is to give you either some cigarettes 
or some gum provided your record indicates that you are doing both of 
two things, i.e., pulling harder on each pull and making more pulls 
(899, P- 499) < 

After these instructions the ergogram on the left arm was taken. 
Note that the instructions actually might increase more than one 
motive. In them 5 is compared unfavorably with women; he is 
told that he should be able to do better, and finally offered an 
incentive, although the cigarettes and gum were probably quite 
msignificant as compared with the unfavorable comparison with 
women. After taking the ergogram, E gave 5 the gum or cigarettes 
and told him that he had improved, and asked if he would try to do 
even better on the next ergogram, which was for the left finger. 

The results of this experiment are shown in Table 33. The 
values indicate the mean differences between the first session and 
control session for each appendage. The number of pulls is used 
as one measure and the total height of the pulls in millimeters is 
used as the other. All differences between the first and second 
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session for the right arm and right finger arc insignificant; all 
differences between the left arm and left finger for the two ses- 
sions are highly significant statistically. Thus, we may conclude, 
the instructions which E gave S produced a significant difference 
in the work output. 


TABLE 32 

Influenoe oe Incentives on Eegograpric Wobx 




Mem Difference Between First 
and Second Sessions 



\ 

Number Pulls 

Distance Pulled 
(nuns.) 

J/o Incentives 

Right Arm 

1.25 

150.0 


Right Finger 

2.37 

10.4 

Incentives 

Left Arm 

1 

4.31 

1092.0 


Left Finger 

10.30 

126.0 


Data from Preston, Brotemarklc, and Campbell (299). 


Dynsunometer work. The dynamometer, you will remember, is 
a device for measuring strength of grip. Occasionally it has been 
used to study work, with each grip consituting a trial. Knowledge 
of performance, you know, may enhance performance. Knowledge 
of performance may facilitate because it gives information con- 
cerning the correct response, and because it serves as a motivating 
factor. In the experiment now to be described there was no 
correct response, so we may consider the influence of knowledge 
of performance as being entirely motivational in nature. That 
is, 5 ’s own performance may serve as an incentive for 
improvement. 

This experiment, by Manzer (244), was carried out with 68 
men and 68 women, each group being divided into two sub-groups 
to serve as experimental and control .S's. On each trial the control 
groups were asked to grip the dynamometer as hard as they could. 
This was repeated 50 times at 15-second intervals. At no time did 
the control Sa know how well or how poorly they did. Experi- 
mental 5 's, on the other hand, worked for the first 10 trials in the 
same manner as the control Sa, but for trials 1 1 through 30, E 
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Fia. g6. The influence of knowledge of performance on work. Knowledge of 
performance was given afler triab ii through 30 for the experimental groups. 
Data from hlanzer (244). 


told them how much they had gripped (in kilograms) after each 
attempt. From trial 31 on through trial 50, the information was 
withheld. The important data are the differences between the 
two groups^ starting with the eleventh trial. These results are 
plotted in Fig. 9^, by combining successive blocks of 5 trials. The 
groups were well matched on the initial to trials so that differences 
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occurring after that point must be attributed to knowledge 
6f performance. Influence of the knowledge of performance is 
marked. Performance is high initially and remains high even after 
the information is removed. 

Perceptual-motor task and social facilitatioii. Unless the 
task is a highly complex one, the presence of an audience usually 
facilitates work. Indeed, if S has been working for some time on 
an ergograph and seems near collapse, work output will increase 
if onlookers are brought into the room. There is also some evi- 
dence that working in a group will facilitate performance. An 
experiment by Mukerji (279), a British investigator, will demon- 
strate this. 

Mukerji used two tasks, one a cancellation task in which S was 
asked to cross out only T’s and X’s from among scores of letters 
on a page. The other task may be called the letter-shape task. In 
this task S was presented sheets on which capital letters were 
shown running in zigzag lines all over the sheets. S was to place 
a C under all curved letters (O, P, B, etc.) and S under all straight 
letters (A, K, L, etc.). The 31 Sa had been given considerable 
preliminary training on these tasks, so that the practice effect on 
the work series would be small. There were 18 boys and 13 girls, 
II to 14 years of age. Initially all Ss worked in a group on each 
task for 5 minutes, with instruction to do as much as possible in 
the time allowed. Then, each S worked in isolation on the tasks 
for the same amount of time. If there were a practice effect, it 
would tend to facilitate work in isolation. A rest period between 
group work and isolated work allowed for dissipation of any 
inhibition which may have developed during the group session. 


TABLE 33 

EffEOT of WORKINO IN GROUPS VS. WORXINO IN ISOLAHON 


Work Condition 

Task 

Mean Score 


Cancellatioii 

149 

Group 

Letter-Type 

160 


Cancellation 

114 

Isolated 

Letter-Type 

132 


Data from Mukerji (279). 
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The results (Table 33) show that group work output was superior 
to isolated work. The group presumably provides a form of com- 
petition, which we have seen to be one way of increasing motivation 
(Chapter VI). 



Fio. 97. Initial work rate as a function of time and amotmt sets. Data ftom 
Krueger (307). 

Set 

We have consistently treated set as an aspect of motivation. 
Sets determine which stimuli S attends to, the goals he strives 
for, and in general, constitute the directive function of motivation 
as discussed in Chapter VI. One type of experiment which has 
been performed concerns work output as related to the amount 
of work which E specifies must be done (thereby inducing an 
amount set). 

As an illustration, consider four conditions of an experiment by 
Krueger (207). The task involved adding series of a one-place 
numbers; all 36 5 s served in all conditions, by a form of systematic 




WORK 


575 

randomization, following 6 practice days. Before each condition 
Krueger instructed his Ss concerning the amount of work or the 
length of the work period which they were to have on that particular 
day. The 4 conditions were as follows; 

Condition I: S told that he would work for 5 minutes. 

Condition II: S told that he would work 500 problems. 

Condition III: S told that he would work for 50 minutes. 

Condition IV: S told that he would work 4000 problems. 

Thus, S was faced with different amounts of work at the start of 
each period. The influence of these different sets is most clearly 
seen in the initial trials as demonstrated in Fig. 97. The unit of 
measurement was the number of problems actually completed 
during a minute, and the graph shows the mean output for the 
first 5 minutes. One general principle is clear: the greater the 
amount of work which S has to do, the less is the initial output. 
S no doubt brings some past experiences to such a situation. The 
instructions, in effect, tell him that with a great deal to do he had 
better not “burn himself out’* by working too hard initially. 

Set and Distraction 

Distraction experiments are those in which E attempts to break 
STa attention or set by forcing him to attend to irrelevant stimuli. 
There are no general conclusions which can be drawn concerning 
these experiments. Some have shown that distracters will reduce 
performance, and others have shown that they will not. Much 
apparently depends on the task, intensity of distracting stimuli, 
length of time experienced, and whether or not S has preconceived 
ideas as to whether distraction should or should not influence 
performance. It has been demonstrated, however, that even when 
distraction does not inhibit performance, the energy expended 
is greater under the distraction condition than under the non- 
distraction condition (269). Such findings suggest that under 
distraction there may be compensatory motivation which func- 
tionally isolates S fi:om distraction, although how this is accom- 
plished is unknown. 

One of the most unusual studies of this problem is Hovey’s 
(156). He chose to give intelligence tests to 5 s. With such a task 
there is no continual repetition of a single sequence, but we do 
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have a work situation, since the practice effect is slight. Equivalent 
forms of the intelligence test were used, the first form for matching 
the groups and the second for one group under distraction and 
for another under quiet. There was no systematic variation in 
Hovey’s distracters; instead, he simply had all manner of unus ual 
stimuli present. There were buzzers buzzing at irregular intervals; 
bells ringing; organ pipes blowing; a phonograph playing popular 
music at full blast; a spotlight swinging around; men marching 
around in the room above the test room; men walking and 
talking in the test room, and so on. In short, it was a chaotic 
situation for 20 minutes. Nevertheless, under these conditions, 
there was only a slight decrement produced in the scores on the 
intelligence test. 

A study by Laird (208), however, has shown that for a simu- 
lated assembly job, noise does have an influence on production, 
S stood in front of a moving tape in which many holes were 
punched, and inserted a styltis through each hole to contact a 
metal plate which activated a counter. S attempted to keep up 
with the tape by inserting the stylus through all holes, which 
meant 10,500 insertions in a half day. With such a task, and with 
long periods of work, Laird foimd definite differences in produc- 
tion as a function of intensity, complexity, and pitch of the 
sounds which were used as the experimental variables. As in- 
tensity, predominant pitch, and complexity of noises increased, 
the errors (number of omissions) increased. A complex sound, 
varying in intensity and pitch, had the most serious effect on 
work. 

Although there are no available data on the matter, it seems 
likely that the interest in a task (which is a form of motivation) 
will be important in determining whether or not presumed dis- 
tractions do distract. The observation that extraneous stimuli may 
distract us while we are studying but not while we are reading 
a detective story is probably valid. 

Baker’s experiment. An important factor which must be con- 
sidered in experiments on distraction and work has been dis- 
covered by Baker (7), He hypothesized that whether or not 
distraction stimuli retard performance is a function in part at 
least of iS’s preconceived notions concerning the influence of the 
distracting stimuli. To test the hypothesis Baker attempted to 
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give Ss certain sets concerning the influence of extraneous stimuli. 
The task was the addition of numbers. E gave S a two-place number 
and asked him to add successively 6, 7, 8, and g to this number, 
and report the successive answers. Thus, if E gave the number 
32, S started by adding 6 to this number (and reporting 38 to E), 
then adding 7 (and reporting 45), then 8, then 9. After 9, S 
would immediately start over again by adding 6 to the number, 
then on up to 9 and repeat. For each two-place number given, 
•S' added as accurately and as rapidly as possible for 30 seconds. 
At the end of this interval another two-place number was given 
and again S would add 6, 7, 8, and g as rapidly as possible. The 
number of figures added during a 30-sccond interval became the 
basic response measure. 

Baker used 7 groups of Ss, but his method and results for only 
three of these groups will be reviewed. Each group worked 10 
days working under 2 conditions each day, one a distraction 
condition, the other a non-distraction (control) condition. Each 
condition on each day consisted of ten 30-second work periods. 
On the first day S was given the distraction condition first and 
the non-distraction second,’ on the second day the order of the 
,2 conditions was reversed, and at the end of 10 days each condition 
had come first 5 times. 

The control conditions were the same for all three groups — all 
Ss merely added for 5 minutes. The experimental conditions for 
the three groups were as follows: 


Group I: Ss were told that the experiment concerned the influence 
of distraction on work. Each S was shown his previous day’s 
work curves under both distraction and non-distraction 
conditions. 

Group II; Ss were told that the experiment concerned the influence 
of distraction on work. Furthermore, they were shown a 
graph of work curves which were misrepresented to them 
as genuine. These faked curves indicated that in a previous 
experiment other Ss had performed better under distraction 
than under non-distraction conditions. As in Group I, Ss 
in Group II were also shown their work curves from day to 
day. 

Group III: Ss were treated exactly the same as those in Group II except 
that the fictitious curves demonstrated that Ss had performed 
more poorly under distraction than under normal conditions. 
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The distraction which Baker provided was a phonograph record 
playing dance music at an intensity level of about 70 decibels 
(roughly equal to the intensity of noise from several typewriters 
being operated in the room). Ss were given no practice days, so 
that actually there was some improvement in performance from 



Pio. g 8 . The influence of set on work under distraction. Data from Baker ( 7 ). 

day to day. The major data are the differences between per- 
formance with and without distraction. These differences for the 
three groups are plotted in Fig. 98. The zero line indicates no 
difference between distraction and non-distraction. In general, Ss 
of Group I showed no better performance under one condition than 
under the other. Sa of Group II, on the other hand, did consistently 
better with distraction, and Group III did consistently better 
without distraction. 

Baker’s results show that instructions which give S an expectation 
of what his performance may be actually produce a shift of the 
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performance in that direction. The cause for this is undoubtedly 
motivational in nature. The raw data show that the differences 
plotted in Fig. 97 are made up of shifts not only in the experimental 
conditions but also in the control conditions. The performance of 
Group II on the control condition was considerably lower than 
that of Group III on the same condition. Assuming that the groups 
were equal in ability, these results imply that the mntivatinn was 
different for the 2 conditions. 

It is Baker’s opinion that in cases where jBs have found differ- 
ences in work under distraction and non-distraction (which he 
did not find for Group I), it is likely that Ss have entered the 
experiment with pre-c o'^ceived nf t1ii» in fluence o f dist mg- 

ticm. Whether such sets will account for the influence of dis- 
traction for long wp.tk perifldL(such as the several hours used 
by Laird) is questionable. Laird’s finding of systematic changes 
in output as a function of sys tematic changes in noise does n ot 
preclude such an explanation as suggested by Baker, but Baker’s 
technique should be tried out for work periods of extended 
length. 

Conclusion 

Motivation is probably the most important single factor gov- 
erning rat e of work. Bv varyi ng in emtives, marked changes in 
work o utPUt-can be produced. Sets toward amount of work to 
be done and the influence of'sets on distraction further show the 
importance of motivation. The real possibility of shifts in motiva- 
tion with extended work spells make interpretation of decrements 
in terms of other variables very shaky. It wiU be necessary to 
consider further interpretative problems of this kind in the following 
sections. 


TASK VARIABLES AND RATE OF WORK 

In studying learning we were able to distinguish different task 
dimensions with which rate of learning was associated. Because 
of the continuity of learning and work, we might suspect that 
the variables important for learning would also be important for 
work. But the fact is that there are very few systematic data on 
the matter. Furthermore, it is very difficult to obtain such data. 
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If E manipulates a task variable, such as meaningfulness, it is 
difficult for him to tell whether or not motivation has also varied 
for extended, work spells. As for showing that rate of work is 
different for grossly different kinds of tasks, that is quite simply 
done. The problem arises in interpreting the differences, i.e., are 
the differences due to the nature of the task as such, or are they 
due to the fact that interest (motivation) varies as a function of 
the task? 

Let us illustrate this interpretative problem with an experiment. 
Poffenberger (394) studied work decrement with different 
among which was a taslc in simple addition and an intelligence 
test. iSs worked on both tasks for 5 hours with results showing an 
actual increment in performance on the intelligence test and a 
decrement in addition. What produced the difference? Was it 
that more work inhibition accrued in addition, or was it that the 
variety of problems presented on the intelligence test sustained 
motivation? Or both? 

In addition to this problem, we still have the difficulty of obtain- 
ing equality for all task dimensions except one, c.g., when we 
vary intra-task similarity, meaningfulness must be held constant. 
Recognizing that interpretation of work as a function of differ- 
ent task variables may be ambiguous, let us inquire briefly into 
the specific relationships, and then return to the interpretation 
problem. 

Intra-Task Similarity 

Depending upon its nature, intra-task similarity appears to have 
two somewhat different relationships to rate of work. In work 
studies only formal similarity has been varied; you will remember 
that formal similarity refers to degree ,of identity of parts of a 
task. Formal similarity has been varied in tasks which require 
litdc discrimination for adequate performance and in tasks which 
require considerable discrimination. Consider an illustration of each 
of these situations. 

Repetitioii with little discrimination. Robinson and Bills 
(314) used the letter-writing task and varied the number of elements 
to be written. In one condition S wrote ah ab ab over and over 
again as rapidly as possible for ao minutes; in another condition 
he wrote (A ed ^ over and over again as rapidly as possible for 
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the same period of time. At the end of each minute during the 
work period .E signaled S to make a distinguishing mark on his 
paper. Thus, E was able to determine the number of two-letter 
imits written per minute under each of the two conditions. 

From our general theoretical analysis it would follow that the 
condition in which ab was written would show greater decrement 
than the one in which ab cd ef was repeated. Work inhibition 
should accumulate more rapidly in the first instance because of 
the more exact repetition of response. The results of the experiment 
substantiate the expectation. 

Robinson and Bills discovered an interesting correlate of work 
decrement in letter-writing, namely, an increase in the size of the 
letters written. As work progresses the size of the letters increases 
until it approaches the size normally characteristic of children. 
Those of you who have written long essay examinations under 
pressure of time will probably confirm this finding. It was 
Robinson’s hypothesis (313) that as the fine musculature used 
in writing develops work inhibition there is a gradual shift to the 
more gross musculatilres of the arm. Because these muscles are 
less well practiced in carrying on this particular skill, the precision 
of writing suffers. 

The Robinson-Bills experiment has shown that the greater the 
degree of identity of successive work units the more rapid is the 
decrement. No one can infer from this experiment that writing 
ab does not influence the writing of, let us say, cd\ that is, 
there is undoubtedly some overlapping of the response mech- 
anisms in writing the two units, and the writing of one will to 
a certain extent influence the other. What the experiment does 
demonstrate is that when the overlapping is 100 per cent, a greater 
decrement will result than if the overlapping is partial. Because 
the work period in this experiment was fairly short, and because 
the basic nature of two tasks is quite similar, one would not 
expect differences in motivation to account for the obtained 
results. 

Repetition with' discrimination. Golor-namipg is a task in 
which variation in formal identity produces results quite the opposite 
from those produced in letter-writing. Bills (2a) required ^s to 
name colors as rapidly as they could for 10 minutes. One condi- 
tion involved 2 colors on the color board, another 3, and another 5. 
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Although the decrement was not great for any condition the 
amount was directly related to the number of colors, i.e., naming 
2 colors produced less decrement than naming 5. On the surface, 
at least, these results seem contradictory to the letter-writing 
experiment reported above. In color-nammg the less the repeti- 
tion of a given response the greater is the work decrement, 
whereas in letter-writing the greater the repetition of a given 
response the greater is the decrement Perhaps the difference is 
due to the discrimination which is required in the color-naming 
situation, and these discriminations cannot be made as rapidly 
among 5 colors as between 2. However, results from another 
experiment by Bills and Robinson (314) cloud the over-all relation- 
ship. In this study letters were placed in random order on a 
board, 100 to a board, and S was requested to name them as 
colors are named from a color board. Five different conditions 
were distinguished by the nximber of different letters on the 
boards, these being 2, 4, 8, 16, and 24 letters. With this situation 
the amount of work decrement decreased as the number of 
letters increased, thus showing the same relationship as in writ- 
ing letters and just the opposite from that shown in naming 
colors. What would produce such different results in naming 
colours vs. naming letters from a board is not clear, and to date 
no one has offered an adequate explanation for the discrepancies. 
It is possible that our greater familiarity with numbers, as com- 
pared to colors, would reduce intra-task interference so that 
work decrement from repetition becomes the major factor. On 
the basis of the data, however, we must conclude that the rela- 
tionship between repetition with discrimination and work decre- 
ment is ambiguous. 

Other Possible Task Variables 

We have already assumed that the greater the degree of 
muscular involvement the more rapid is the work decrement. This 
assumption was made even though only partial evidence exists 
for such a principle. It is clear, for example, that work decrement 
on an arm ergograph is much more rapid than that for simple 
addition. Furthermore, at the level of gross observation it seems 
dear that such tasks differ markedly in muscular involvement. 
What we do not know, however, is whether degree of muscular 
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involvement is the pertinent difference between the tasks causing 
differences in work decrement. This we only assume. 

There is some evidence that meaningfulness may be a variable 
(315), but there are contingent variables which have been inade- 
quately analyzed so that we are unable to say that meaningfulness 
is the pertinent one. It is probable that in long work spells interest 
in the task will be directly related to degree of meaningfulness, 
so that it will probably be necessary to use very short work periods 
in further experimentation on this variable, or follow the scheme 
suggested below. 


A Suggested Approach for Investigatiou of Task Variables 

The most serious objection we have discussed with reference 
to long work spells as a function of type of material concerns 
differential motivation. Now, let us ask if there is a way by which 
this obstacle can be removed so that the interpretation of studies 
can be less ambiguous. 

The starting point may be in an empirical evaluation of the 
intrinsic motivating characteristics of the tasks. By this we mean 
that for the average S certain tasks elicit more interest than do 
others, and this might be quantified in order to obtain tasks which 
vary in certain aspects but not in terms of their interest rating. 
Certain experiments on work satiation give us a lead which might 
be worth following. In a work satiation experiment Ss are given 
a task and told they are to keep working until they are “fed up” 
with it. Ss are not given a speed set but are merely told to keep 
at the task. Let us take an illustration. 

Burton instructed his iSs as follows: 

This is an experiment to study certain aspects of motor behavior. Your 
task is to draw simple figpires called “moon-faces”. You can see that it 
consists of a face or circumference, and two eyes and a nose represented 
by three dots. Do not correct a figure once you have drawn it. 

On the signal begin drawing a series of “moon-faces” on this paper. 
There are pencils here for your use. Now this is important: Continue 
drawing moon-faces mlil you are fed up and have had enough of it. When that 
time comes you may stop. 

From time to time I will give you a short rest period. I will let you 
know when that time comes. Speed is not a factor in this experiment and 
this is not a test of persistence. Do you understand? (51, p. 324). 
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Burton’s results show that individuals vary considerably in the 
length of time they will continue to work at such a task. On the 
average, these college sophomores worked 17 minutes, 36 
and on the average drew 393 moon-faces. 

Suppose we gave these Ss other tasks to do with the sanrif in- 
structions? Would we expect that the length of time they worked 
to vary as a function of the task? Direct evidence on this is lack- 
ing. However, in one of Poffenberger’s experiments (293) involv- 
ing addition of numbers, Ss were told that they were to work 
until they refused to go on. This was a work experiment, and 5 s 
were given no rest periods as they were in Burton’s satiation 
experiment. Nevertheless, the shortest period worked by any one 
of the 10 Ss was 71 minutes. One S worked for 385 minutes (nearly 
5 hours). Burton’s results, taken in conjunction with those of 
Poffenberger suggest that we might be able to measure the average 
incentive value of a given task by submitting Ss to satiation experi- 
ments under non-work conditions. That is, we would give instruc- 
tions similar to those used by Burton and use the length of time 
worked as a measure of the motivating power of the task. Having 
obtained such motivating values for several different tasks, we" 
might then proceed to determine the influence of other variables 
by which tasks differ. For example, say that we have two tasks 
which have equal motivating value but differ widely in intra-task 
similarity. Differences in work curves for extended work spells 
would not then be attributed to diflerences in motivation, but to 
differences in intra-task similarity. 

Satiation experiments provide an operational definition of bore- 
dom. Boredom, as currently interpreted (cf. Barmack, ii, and 
Bartley and Chute, 13), reflects a ample conflict situation. Moti- 
vation to work at the task is provided by the instructions, by S’s 
desire not to be a “quitter,” by his desire to please E, and so on. 
As he works a conflicting motive to quit the task develops. We 
presume that the original motives for work are reduced, too. 
At the point where the motive to stop becomes stronger than 
those to continue, he is satiated. Boredom increases as the differ- 
ence in the strength of the opposed motives decreases. 

Other concomitants of satiation experiments might be useful 
for equating motivating power of tasks. When the task is very 
simple, S does many things to attempt to vary the response. Moon- 
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faces become many different characters, and little changes in the 
position of the eyes and nose will be noted. Ss who are forced 
to name colors for extended periods may vary the pitch of their 
voices over a wide range, or they may actually attempt to sing 
the names of the colors. 

The importance of these variations is that they seem to amuse 
S, or keep him interested longer in an otherwise nearly intolerable 
situation. With more complex tasks, such as addition, many 
different combinations of niimbers are given, so that variation in 
behavior is automatically required by the work. This analysis 
suggests that complexity of task, defined in terms of diversity of 
response required to perform it, is an extremely important 
variable if for no other reason than it sustains motivation. When 
we increase the complexity of a task we not only decrease work 
inhibition (because of forced variation of response to the complex 
task), but we also increase the likelihood of sustaining motiva- 
tion. Both factors would tend to reduce observed work 
decrement. 

The analytical approach which we have suggested would dis- 
cover whether or not tliese two variables are inevitable co- 
variables. Must motivation always vary as task variables 
(meaningfulness, intra-task similarity, complexity, and so on) 
are manipulated? By using satiation experiments we may be able 
to equate empirically the motivation-evoking properties of tasks. 
If this can be done with tasks which vary along other dimensions, 
we can proceed to determine whether or not work decrement 
varies as a function of these other dimensions. The control of 
motivation still remains the most difficult problem in analytical 
experiments. It ^ould be repeated, that we may observe work 
performance over long periods imder given conditions, and obtain 
data having general significance for practical work situations, 
but the scientist who is in search of specific causal factors finds 
such studies quite unsatisfying. Analytical studies are necessary 
before he can state relationships between type of task and work 
decrement. 

One final comment concerning motivation. It has been con- 
tinually stressed that it is difficult to interpret work studies 
because we lack control of motivation over extended work 
spells, or, in lieu of this, we lack ability to measure its changes. 
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The possibility of doing the latter should not be overlooked. 
Since our basis for inferring changes in motivation is measured 
changes in tension, we might well ask why we shouldn’t measure 
the tension changes. Problems concerning such measurements 
were discussed in Chapter VI. The major drawback at present 
is our mechanical inability to measure tension adequately for 
extended periods, especially if overt activity is required in per- 
forming the task. Ryan (337, Chapter 5) has a thorough discussion 
of these problems to supplement the brief treatment given in our 
Chapter VI. 

TRANSFER OF WORK DECREMENT 

If transfer of training in the acquisition of tasks is dependent 
largely on the similarity relationships between tsisks, we shall 
expect the same in the case of transfer of work inhibition. As in 
learning studies, we have work situations in which the similarity 
relationships may be carefully specified and others in which only 
general similarity between tasks can be detected. First, let us 
consider an illustration of the analytical type of study. 

Specific Similarity Relationsliips 

A study by Bills and McTeer (24) has convincingly demon- 
strated the importance of formal identity between responses in 
producing work decrement. They used the letter-writing task 
with the following 5 conditions: 


Standard Task Alternate Task 

Cond, I (all elements common) aba abe, 

Cand. II (s elements common) abe abd 

Quid. Ill (i element common) abe qfe 

Cond. IV (no elements common) abe def 

Cond. V (control) abe {rest) 


Note that Condition I required S to repeat td)c in both the stand- 
ard and alternate task, and in Conditions II through IV there 
was less and less identity in the responses of the two tasks. On 
Condition V, 5 merely rested during the time that was occupied 
with work on the alternate task in the other conditions. (A con- 
sideration of tlus design will show that it is simply an elaboration 
of the experiment by Robinson and Bills, previonsly reviewed, 



WORK ■ 


587 

in which intra-task similarity was varied with S writing ab in one 
condition and ab cd ef in another.) The ao Ss alternated between 
the two tasks, spending i minute on standard tasks, then i minute 
on alternate tasks, for a total of 16 periods. All Ss went through 
three cycles of the experiment, i.c., repeated aU conditions three 
times, but the order of the conditions was different on each 
cycle. 

TABLE 34 

Transfer op Work Decrement As a Funotion of Similarity of Tasks 


CondiHon 

Mean Number Units Written 
in 8 Min. on Standard Task 

I 

395.55 

II 

412.60 

III 

420.15 

IV 

430.45 

V 

437.80 


Data from Bills and McTeer (24). 


The results of the experiment are shown in Table 34 in terms 
of the mean number of three-letter units of the standard task 
written per cycle. These data show that, from Condition I to V 
there is less and less work decrement. Indeed, Condition V shows 
the benefits which are derived from distributed practice (com- 
pared with results of Condition I). We may tentatively conclude 
that the greater the degree of similarity between two tasks the 
greater will be the work decrement. 

General Transfer 

Studies of general transfer effects have been concerned with 
the development of so-called fatigue tests. The question is: “What 
influence does work on one task have on performance on another?” 
A partial answer will be found in an illustrative experiment which 
determined the influence of prolonged automobile driving on 
performance on a series of standardized tests (326). A common 
transfer of training design was used with experimental and control 
conditions set up as follows: 

9:00 A.M. 7!oo 

Experimental: Tests Drive 300 Miles Tests 

Control: Tests Tests 
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Only 6 Ss were used, but each served lao days in the experi- 
mental condition and 28 days in the control condition. The 300. 
mile drive was a standard course, including both rural and urban 
traffic conditions. The statistical comparison involved the differ- 
ence in scores on pre- and post-tests for experimental and control 
conditions. Several tests were used, including color-naming, addi- 
tion, visual efficiency, and steadiness. 

Results were positive. On almost all tasks significant difierences 
were obtained. Steadiness was decreased, visual efficiency was 
lowered, color- naming and addition were retarded. If we assume 
that Sa did not have preconceived sets as to what the influence of 
the driving should be, we may conclude that the obtained results 
were a function of the driving. It might be presumed that the 
lowered test scores reflected lowered driving efficiency, although 
no evidence was gathered on this matter. 

Testa of general fatigue will be maximally useful from a scientific 
point of view when the relationships between the work task and 
the tests are known. Until then ah that can be said is that it is 
possible to measure changes in test performance as a consequence 
of work on another task. That work inhibition will transfer is 
apparent; the mechanisms by which such transfer is effected cannot 
at present be inferred from general transfer studies. 

REST PAUSES 

Rest pauses in work almost always increase the output per 
tmit of time worked, and since the methodology is clear we need 
not report a study merely to demonstrate the principle. With 
tasks involving heavy muscular work, rest pauses are obviously 
necessary if work is to continue. For example, if •S' is requested 
to work an ergograph at a rate of one pull per second, and if 
the weight is heavy, he will be exhausted after a short period 
of time. In order to do any more work he must have some rest. 
Exhaustion, in a sense, is a forced rest, necessary for survival. 
Rest pauses will facilitate most of those tasks which require extensive 
motor behavior. In general, it will be remembered, this is the 
same principle which is at work in learning as a function of massed 
and distributed practice. The greater the motor involvement in a 
task the greater is the benefit of rest pauses. 
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The considerations above apply only to the sheer work output. 
It is another matter to consider the subjective feelings of S as a 
function of rest pauses vs. no rest pauses. The fact that S can 
work a full day with little decrement in adding numbers does 
not mean that subjectively he feels the same at the end of the 
day. Nor does it mean that he is physically unchanged. The major 
deterrent to work decrement is increased motivation, and since 
increased motivation involves increased tension one may expect 
physiological expenditure to be greater. 



Flo. 99. Decrement shown in each quarter of tea ergognuns taken 10 min. 
apart. Data from Manzer (343). 

Recovei^ firons Ergographic Woxk 

To illustrate the relationships between work and length of rest 
pauses, we choose a study by Manzer (243) which has shown 
that with the usual ergographic work, recovery from work in- 
hibition is nearly complete after 20 minutes. This varies, of 
courae, as a function of the size of the weight and rate of pulL 
Of greater interest, however, is the cumulative decrement in 
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work when the work inhibition is not allowed to dissipate com- 
pletely before more work is done. Let us examine the results for 
one S. 

This S worked to times on an arm crgograph, each lime wor kin g 
until, apparently, he was exhausted. Each trial was followed by 
a lo-minute rest. The load lifted was 5.5 kilograms and the results 
arc figured in kilogram-meter work units. Each ergogram was 
divided into 4 equal time spaces, E determining the amount of 
work done in each quarter. For this S, the development of decre- 
ment is particularly clear from ergogram to ergogram, and wi thin 
each ergogram (Fig. 99). Presumably, of course, with continued 
work S would have reached a point where he could no longer 
make a single lift after the lo-minute rest. As it is, there is a 
dear picture of accumulative decrement, and it can be inferred 
that the lo-minute rest was not enough to allow all work inhibition 
to dissipate. 

Blocks 

In factory or office work it is commonly noted that if rest 
pauses are not officially provided by management, workers will 
usually take rest periods at their own discretion. With the usual 
type of work, there is no reason to believe that such rest periods 
are necessary to the continuation of work, although work may 
be more efficient as a consequence of them. In a laboratory study 
of high speed work for short intervals. Bills (ai) has discovered 
a phenomenon which functionally appears to provide the same 
benefit as do rest intervals in more extended work of slower 
speed. 

Bills demonstrated this phenomenon with several types of 
materied including color-naming, substitution tasks, and the nam- 
ing of opposites, but we shall take up method and results for 
rapid arithmetic addition. Sa, presented with long columns of 
figures, alternatively added three to a figure and then subtracted 
three from the next number and so on down the columns. As 
10 i 9 s worked continuously 7 minutes a day for 8 days, E recorded 
the time for each response, and whether each response was 
correct or incorrect. In examining the records Bill discovered 
that from time to time there was a period of no response, the 
length of this period occupying time normally required for a to 6 
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responses. Further investigation showed tliat frequency of these 
bhcks was inversely related to work output. This does not mean, 
of course, that the blocks caused the work decrement, because in 
effect the blocks were the evidence of work decrement Data for 
the 7 -minute work for the 8 days combined arc shown in Table 35 . 
It is clear from these data that there is some decrement in output 
during the 7 -minute work period and an increase in the number 
of blocks per minute. 


TABLE 35 

Work Decrement and Blocks in High-Speed ADDinoM 


Response Measures 
{means) 

Suecessiue Minutes qf Work 

1 

2 

3 

4 

5 

6 

7 

Number Responses 

61-0 

57.0 

56.7 

55.7 

55.2 

55.0 

55.8 

Number Blocks 

2.9 

3.4 

3.7 

3.8 

4.2 

3.9 

4.2 

Length Block (sec.) 

1.9 

2.2 

2.3 

2.4 

2.5 

2.9 

2.7 


Data from Bills (21). 


Data considered individually for the 8 successive days show 
that performance increases from day to day and frequency of 
blocks decreases slightly. Bills believes that blocks serve func- 
tionally as safeguards against impairment, and the reason that 
marked decrements arc not found in tasks with low motor involve- 
ment is because the blocks serve as forced brief rest intervals, thus 
preventing the decrement. It should be kept in mind that this is 
an hypothesis. 

CONCLUDING CONSIDERATIONS 

We have made no attempt to come to grips with numerous 
practical work problems which appear in the factory situation. 
It may be pertinent in concluding tiiis chapter to mention briefly 
the nature of some of these problems. 

The starting point for investigations of work is the output 
curve for an “average” day. Typically, such curves show that 
production does vary rather markedly at different hours of the 
day, although an attempt to draw -any curve as representative 
would be misleading. The absolute output represented by the 
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curves is presumed to be a function of many conditions, such as 
policies of a factory with respect to rest periods, the nature of 
the tasks, the work payment plan (piece work, hourly, bonus), 
the r6le of local unions, lighting and ventilation, length of work 
day, adequacy of supervision, morale in general, and so on. We 
can well see how difficult it would be to control all variables so 
that one could say that conditions of optimal efficiency had been 
attained (cf, Ryan, 327, for a discussion of difficulties in deter- 
mining optimal efficiency). 

There are many other problems which are directly or indirectly 
concerned with work. Time and motion studies presume to dis- 
cover the minimum number and kind of movements to produce 
maximum output with least physical effort. Such studies, however, 
get at only one small part of a vast complex of conditions which 
affect work. Turnover rate of employees is sometimes used as a 
gross index of work conditions within a plant. The effort is made 
to keep turnover rate at a minimum by manipulation of conditions 
such as those listed above. Then there is the problem of accident 
prevention. Attempts have been made to discover conditions to 
which frequency of accidents is related. Since precision of move- 
ments is basic to accident prevention in many jobs, causes of 
variability in performance become vital in accident investigation 
and prevention. 

Recent trends in industry have emphasized the r6le of the 
adjustment of the individual as a major source of work data. 
There is some reason to believe that the output of a worker, 
his accident rate, the amount of spoilage, and so on, may reflect 
his personal social adjustment, e.g., whether or not his marriage 
is a happy one. Indeed, it is possible that future developments will 
find psychiatric aid as common in large concerns as is medical 
aid today. The influence and contribution of such aid to working 
efficiency is as open to experimental investigation as is the influence 
of amount of light at a work bench. 

SUMMARY 

I. In this chapter we have been concerned with performance 
decrements which may occur when S continues to repeat a well- 
leamed behavior sequence. 
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а. Many diSerent tasks have been used to study work in the 
laboratory. The present discussion of these tasks was organized 
around a dimension defined as amount of apparent muscular 
involvement. Ergographic work illustrates high muscular involve- 
ment, whereas simple addition or color-naming illustrates low 
muscular involvement. 

3. Work inhibition was introduced as a logical construct to 
parallel the logical construct of learning. Learning is inferred 
when an increment in performance is observed, and work in- 
hibition is inferred when a decrement in performance is ob- 
served. It was assumed that learning and work inhibition may 
both develop whenever a response sequence is repeated. Several 
assumptions about the characteristics of work inhibition were 
made. 

4. The measurement problems discussed were concerned with 
segregating the infiuence -of learning from the influence of work 
inhibition, and the segregation of the influence of work inhibition 
from the influence of motivation. Throughout the chapter we 
have stressed the diificulty of making clear interpretations of 
causal factors in work decrement because of the uncontrolled and 
unknown fluctuations in motivation over long work spells. A 
technique for equating the intrinsic motivating power of tasks 
was proposed. Thb technique would determine the satiation ratios 
of various tasks as an indication of the motivating power of the 
tasks. 

5. Discussion of variables influencing the rate of work was on 
a rather general level, the variables considered being motivation, 
type of task, transfer, and rest pauses. 

б. Work brings together in a complex manner all the major 
psychological processes which we have discussed in the text. Much 
more research is needed before we will be able to assess the effect 
of each of these processes. 
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Glossary and Subject Index 


Absolute zero, 83, 87 

Action Fotentials — Electrical potentials 
generated in the muscles by contraction of 
the fibers; 165 

Active recitation, influence on learning, 
418-419 

Additivity — A proper^ of extensive scales 
which m<0i be operationally exemplified by 
adding two equal units together by usual 
arithmetic operations to obtain a resultant 
quantity which is twice as great as either 
alone: 83 

Adjustment, method of, see Average 
Error, Method Of 

Aesthesiometer — Device used to stimu- 
late the shin to determine the two-point 
threshold qf tactual discrimination; 58 

Affective judgments, experiments on, 
97, io7-ii3> iat-ia3 

Affectivity, influence on multiple- 
response learning, 418-414; on re- 
tention, 531-536; steps in experimen- 
tation, 413-414 

Aggression — Response to frustration 
which, in its most restricted sense, rqfers 
to tenderuy for S to cUtack source qf 
frustration; 307-208, 311, SI3, 314, 
sr6, 33s; see also Displaced Aggres- 
sion 

Ambiguity, in constructing attitude 
scale, gi-93 

Ambiv^ence — Opposed response tend- 
encies toward a single person or object: 

>09, 344 

Amount of material, influence on 
learning, 419 

Anchoring Effect — Subjeetioe standard 
providing a "aobie” against which other 
stinmH are judged; 1 10-113, tgo 


Anxiety — Motive produced by fear qf 
punishment; igs, 376 
Apathy — Response to frustration in which 
motivation deteriorates; a form of pycho- 
logical loithdrawttl; 308, 334 
Apparent Movement — Perceived move- 
ment which objectively does not take 
place; 43 

Approach-Approach Conflict — Stimuli 
for two or more incompatible approach 
responses are presented simultaneously: 
343 f. 

methods for inducing, 347-348 
Approach - Avoidance Conflict — 
Stimuli for an approach and an avoid- 
ance response are presented sbnultane- 
ously; 343 f. 

methods for inducing, 348-350 
Approach Gradient — Description Oj 
the observation that the nearer an orga- 
nism is to a positive incentive the greater 
the “pulling power’' qf that incentive; 
373-375 

Approach Response — Response toward 
a positive incentive; 34s 
Areas of study, integration of, 17-si 
Assembly tasks, in work, 559 
Assimilation — Process inferred to he 
operating when sensory judgments, e.g., 
judgments of visual extents, ore positively 
influenced by charaeteristics qf other 
stimuli in the environment; 75 
Atmosphere Effect — Unanalyxed bias 
operating in yrllogistic reasotting eehieh 
causes S to accept more readify a eon’ 
elusion stated in the “atmosphere” (positive 
or negative) qf the premises Aon when 
not so stated; 455-457 
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6'24 

Attitude, infiucn.ce on thinking, 456- 
457 

Attitude changes, experiment on, isg- 
194 

Attitude scale, construction of, 87-93 
Atrdiogenic Seizure — Stiaurt in rats 
induced by Mgh-frequem^ sound 
moves: 269 

as measure of conilict-induced 
frustration, 969-964 
Audiometer — Device for presenting tones 
if known frequenty and intensity and 
thereby measuring Jidl range qf auditory 
sensitivity: 46 

Autokinetic Illusion — Phenomenon 
illustrating apparent movement which is I 
produced by fixating a weak light source \ 
in an othenvise darkened room; after a 
short period qf fixation die light appears 
to nave: 49 

Average Error, Method Of — Pgicko- 
physical method which consists in 
presenting S with some constant or 
standard stimulus and asking him to 
match it by manipida&ng a variable 
stimulus; sometimes csdled method 
of adjustment: 96 f. 
illustrative experiments, 25 f., 197, 
>39 

summary, 45 

Avoidance-Avoidance Gonllict — 
Stimuli for two or more ituompatibU 
avoidance responses are presented simul- 
taneously : 243 f. 
methods for indudng, 950-251 
Avoidance Gradient — Description of 
the observation that the nearer an organism 
^ is to a negative incentive the greater the 
"repeUing power” of that incentive: 

272-375 

Avoidance Response — Sesponse away 
from negative incentive: 249 

Backward Conditioning — Unconditioned 
stimulus is presented before conditiorud 
stimulus during trainbi trials: 353, 
357 

Backward remote association, see 
Remote Association 
Beta Response — Sefiex qyeUd response to 
light; 356 


Bi-Lateral Transfer — Transfer of skill 
from arm or leg to arm or leg on 
opposite side of body; sometimes 
called cross-education; 307 
experimental illustration, 308-310 
related phenomena, 310-31 1 
Blocking — JVo overt response; believed 
to be produced by presenting simultane- 
ously stimuli invoking incompatible res- 
ponses: 247, 254, 590-591 
Boredom, 584 

Bowed Serial-Position Curve — Pfame 
for observation that first and last portions 
jtf a serial list are acquired most quickly, 
with items Just past the middle being the 
last earned: 423-425, 507 
Broadcast listeners, study on prefer- 
ences of, 102-103 

BuIIdozmg Response — Response to 
frustration in which problems are 
attacked wtthout deUberalion as if to 
solve them by sheer force; 2og, 213 
experimental illustration, 224-227 

Cancellation tests, in work studies, 559 
Card sorting, experiments using, 206, 
210, 296 

Change in what is remembered, 521- 

525 

Classical conditioning, 343; see also 
Conditioning Procedure I 
Closure — Tendemy to psreeive forms as 
complete which are actually incomplete 
physiedUy; 59 
Code learning, 409 

Coins, experiment on psychological size 
of, 126-131 

Color Naming — Task used to study 
work decrement and to fill rest intervals 
in dislributsd-practice studies. A card on 
which many small squares qf different 
colors appear is presented S who is 
asked to name the colors serially as 
rapidly as possible; 403, 560 
Color Wheel — Device used to study 
principles of color mixture; consists qf 
a disc which mey be rotated rapidly and 
on which variable proportions ofdfferent 
colored paper discs may be mounted; 139 
Competition, oqieriment on, 185-186 
Complete presentation, in learning, 388 
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Cotnproiaiae Response — Responst 
occurring in conflict situation which 
has characteristics qf each qf two or 
more conflicting responses; 347, 361 
as measure of conflict-induced 
frustration, 361-363 
Concept, nature of and rate of learning, 
441-443; retention of, 538 
Concept Formation — Generalising 
process which follom the discrimina- 
tion of similarities and differences 
among objects or symbols: 434-436, 
446 

influence of instrueflons on, 451-453 
procedures for studying, 435-436 
Conditioned Response — Response 
elicited by conditioned stimulus as a 
consequence of conditioning procedures 
the performance change from whkh 
learning is irfferred; 343 
effect of instructions to inhibit, 347 
methods of measurement, 349-353 
Conditioned Stimulus — Any stirmdus 
which bqfore training will not evoke 
response to be conditioned but will 
evoke it after training: 343 
influence of complexity, 363, 368; 
of intensity, 36a, 368; of pre- 
association, 364-368 
Conditioning — Procedure for studying 
learning in which a discrete response 
is attached to a more or less discrete 
stimulus; 135, 348, 340 f., 430, 
479; see also Backward Condition- 
ing, Delayed Conditioning, 
Higher-Order Conditioning, Long- 
Trace Conditioning, Pseudo- 
Conditioning, Short-Trace Condi- 
tioning, Simultaneous Condition- 
ing, Temporal Conditioning 
mediated, 379-380 
Procedure I, 343-348, 367, 368 
Procedure II, 348-349, 367, 368 
summary, 383-383 
temporal factors influencing rate 
of. 353-362 

variables determining rate of, 353 f.; 
sununary of, 367-368 
Conflict — Method for inducing fiustra-’' 
tion by simultaneously evoking two or 
more incompatible responses; ig, 307, 
341 f.; s«t also Approach-Approach 
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Conflict, Approach-Avoidance 

Conflict, Avoidance-Avoidance 
Conflict, Double - Approach - 

Avoidance Conflict 
affective, experimental illustration, 
107-110 

basic variables, 371-376 
board, 346 

methods for inducing, 347-354 
methods of response measurement, 
854 f- 

summary, 379-380 

Consequences — Positive or negative 
incentives occurring contiguously wUh 
a response or act; a primary variable 
in learning: 468, 470, 500-504, 50S 
in contiguous-conditioning theory, 
480; in goal-reinforcement theory, 
474; in perceptual-learning theory, 
467-477 

Constant Error — Error produced by 
uniform set of conditions wtdeh tend to 
“throw" the response in a constant 
directions 28 f. 

Constant Stimuli, Method Of — For 
measuring absolute thresholds : 
a single stimulus is presented and S 
is asked to report its presence or 
absence; on successive trials stimuli of 
varying magnitude are presented. For 
measuring diflerence thresholds: 
a standard stimulus of constant magni- 
tude is presented along with a variable 
stimulus and S is asked to report 
ttdtich qf the two has greater magnitude; 
on successive trials the magnitude qf 
variable stimulus is changed: 66 f. 
illustrative experiments, 73 f. 
summary, 80-81 

, Construct — Hypothetical process or state 
irferredfromobservationsof behavior: 157 

Construcliveness of play, S8l 

Context — Background, consistaig of maty 
or few components or patterns, against 
which all discrete stimuli appear: 543 
influence of change of on forgetting, 

542-544 

Contiguity, see Temporal Contiguity 

Contiguous-conditioning theory, 478 f. 
experimental tests of, 481-485 

Continuum, see Dimension 
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Contrasts, Method Of — Tedmigut used 
in stuping diserimination learning; S 
learns to make a positive response to one 
stimulus and to avoid making that 
response to another: 463 
Counterbalancing — Technique for 
distributing equally over all conditions 
the response charges produced by 
systematic or progressive errors not 
attributable to independent variable: 
30 f,, 324; see also Design Method 
111 

variations in, 327-330 
Cross-education, see Bi-Lateral 
Transfer 

Cross-Sectional Analysis — Research 
which attempts to determine organization 
qf stimulus-response relationships as they 
exist at the momemt: 24, 117 
Cutaneous sensitivity, experiments on, 

56-59 


Decibel — Unit of scale used to measure 
intensify of sound: 60, 362 
Degree of learning, and retention, 
525-528 

Delayed Conditioning — Conditioned 
stimulus precedes and overlaps uncondi- 
tioned stimulus; time between onset 4^1 
these two stimuli is five seconds or more: 
353 

Delayed reaction experiments, 462 
Dependent Variable — Response var- 
iable; tits change in behavior attributed 
to independent variable; 6 
Derivation time, experiments on, 
177-179 

Derived-list method, for studying 
remote associations, 420-421 
Design. Method I — Method employing 
random groups on the basic assumption 
that the groups do not d^er significantly 
on aify variable (ffecting the measured 
response; 144 f., 176, 179, 185 
Design Method II — Meti^d employing 
matched groups; statistical equality ^ 
gxoups on pertinent performance is 
assured before introducing experimental 
variable; 1441., <76, 180, 284, 297, 
519. 545 . 567 


methods for matching groups, 
147-14S 

Design Method III — Method employing 
complete counterbalancing of conditions 
with each S serving in all eomtitions: 
323 1, 437, 440, 545, 549 
Design Method IV — Method employing 
systematic randomization of conditions 
and devised for experiments in which five 
or more conditions are desired with each 
S servir^ in all conditions: 323 f., 
399 . 401. 545 . 548, 567 
Difference score, 197 
Dififerential Reinforcement — Reward- 
ing of one response to a situation and 
tiu non-rewarding {or punishing) of one 
or more other responses: 292; see also 
Contrasts, Method Of 
Differentiation — Degree of discrimma- 
bilify among siimidt, varies c&rectpf 
with amount of d^erential reinforce- 
ment: 317, 552 
transfer of, 317 

Dimension — Scale existmg when atty 
phenomenon or characteristic thereof is 
shown to vary reliably in amount: 7 f.; 
see also Physical Stimulus Dimension, 
Psychological Stimulus Dimension, 
Response Dimension, Stimulus 
Dimension 
Direction, sec Set 

Direction perception, experiment on, 
34-39 

Discriminal Processes — Processes which 
determira judgments and setaoty dis- 
criminations: 19, 24 f. 
and conflict, 242 

influence on learning, 119 f.; on 
motivation, 126 f.; on unanalyzed 
biases, 136 f. 

special references on, 116 
Discrimination, breakdown in, 270-271 
Discrimination box, 181, 182, 361 
Discrimination in work^ 580-581 
Discrimination learning, 248-249, 462 
Disinhibition — Qyick recovery of extin- 
guished conditioned response following 
■ presentation of a foreign stimulus: 377 
Displaced Aggression — Aggression net 
directed immediately toward source of 
frustration: 207, 214, 217, 219 
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Dispositioiu, in perceptual-learning 
theory, 475 

Distraction, influence on work, 575-579 
Distributed Training — Training in 
uikich rest intervals are given between 
triab or between blocks oj trials; 
opposed to massed training in which 
vay Utile if any rest is allowed between 
trials; sometimes called spaced 
training: 365 

filling rest intervals in, 403-405 
influence on conditioning, 365-366, 
368; ,on extinction, 371-375; on 
multiple-response learning, 398- 
407; on retention, 540-542; on 
thinking, 436-439; on work, 588- 
59J 

theory of, 372, 407 
Double-Approach-Avoidance Conflict 
— Stimuli for two incompatible 
approach responses and two avoidance 
responses are presented simultaneously: 
343 f< 

methods for inducing, 251-254 
Dynamometer — Device used to measure 
grip strength: 164, 188, 571 


Ebbinghaus retention curve, 515, 524 
Ego-Involvement — Motive invoked 
when a situation poses a threat to 
S’s prestige or self-esteem: 192-198, 
205, 227 

conception of, 192-193 
experimental implications of, 193- 

194 

operations for inducing, 194 f. 
Elevated Maze — Maes used until 
animals; consists qf narrow path raised 
sifffieiently far above the floor so that the 
animal will not jump down: 390, 462, 
49V 

Emotion, see Motivation 
End spurt, 566 

Equal Appearing Intervals, Method 
Of — P^chophysical method which 
consists in “cutting up" sense distances 
into units uAieh are psychologicaUy 
(phenomenaUy) equal: 81 f. 
illustrative eiqieriments, 85 f. 
summary, 94 


627 

Ergograph — Device used to study physical 
labor in the laboratoty; usually requires 
that S work with arm, finger, or leg, in 
alternately lifting and setting down a 
weight: 558, 569 

Error method, in studying remote 
associations, 421-422 
Error Of Expectation — Constant error 
which enters into method of limits when 
S, expecting a change, will be suggestible 
enough to report a change before it is 
actually apparent: 50 
Error Of Habituation — Constant error 
which enters into method of limits when 
S falls into habit or set qf giving a 
certain response and continues to do so 
even after a change in the stimulus: 50-51 
Expectation, in perceptual-learning 
theory, 475, 495-496 
Experimental Extinction — Procedure 
inlrohtced following conditioning; the 
conditioned stimulus is presented time 
after time witiiout he unconditioned 
stimulus until S no longer responds 
to the conditioned stimulus: 173, 178, 
368 f. 

factors influencing, 367-376 
influence of complexity of condi- 
tioned stimulus, 370, 375; of 
massed vs. distributed practice, 
371-374, 376; of punishment, 
375-376; of varying amounts of 
training, 369-370, 375; of work, 

374-375, 376 
significance of, 368-369 
summary, 375-376 
theory of, 372-374 
Experimental framework, 2, 10 
Experimental neurosis, 248 ^ 

Experimental problems, origin of, 
11-14 

Experimentation, applied vs, pure, 
20-21 

Experimentation, steps in, 14 f. 
Extra-sensory perception, 133 
Eyelid closure, 164, 345, 354, 355, 
357, 362, 363, 364, 366 


Familiarity, 41 1 

Fatigue effects, 29 f., 340, 567 

Finger withdrawal, 311, 345 
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Fixation — Response to fiustration in 
whieh response Undent becomes oeiy 
r^girf or stereo^>ped; aoQ, *69, 506 
Flexion response, 173, 174, 311, 345, 
351. 378. 379» 48a 
Forgetting — Term rfferring to negeUioe 
aspects of mmoty and indicating the 
amount not remembered under specif ed 
conditions: 19, 509 f., 563; see also 
Retention 

and learning, 509-511 
curves, 514-516 

factors influencing rate of, 513 f.; 

summary, 550-55 1 
methods of response measurement, 
511 - 5*3 

summary, 553-554 
theory of, 55 *-553 

Form perception, experiment on thre- 
shold of, 59-60 

Forward remote association, »e Remote 
Associaflon 

Fractionation, see Equal Appearing 
Intervals, Method Of 
Frame of Reference — Entire stinmUis 
complex influencing behavior: 35 
influence on retention, 538-534 
Free-Assodation Test — Procedure for 
elieitmg verbal associations fy presenting 
S tvith a stimubfs and asking him to give 
the first response which comes to mind} 
sometimes called word association : 
*3*. 4aa 

Frequency, in contiguous-conditioning 
tiurary, 480-481; in goal-reinforce- 
ment theory, 474; in perceptual- 
learning theory, 477 
Frustration — State bf erred to esdst when 
deviant behavior is observed as result 
of blocking of or interference with 
goal-directed behavior: ig, goo f. 
background of research, soa-gog 
definitional problems, goo-goi 
eflect on group behavior, ggo f. 
future needs in eiqierimental work, 
039-040 

inditddual differences in response 
to, 037 

influence on mental age, 033-034 
methods of response measurement 
and analysis, oog f. 


methods used to produce, 004-007 
responses to, 007-009 
summary, 840 

variables influencing, 035-037 

Galvanometer — Device used to measure 
the p^ehogttlvanic response: 108 
Generalization Gradimt — Generalisa- 
tion as a Junction rf similari^: 050, 
853 . 387, 093 

Generalization, Response — Process 
inferred when Stimulus A, having 
gained power to elicit Response £, 
will also tend to elicit responses which 
are in some way similar to B : 087-088, 
34a, 409, 550 

and transfer, 090-090; summary, 303 
Generalization, Stimulus — Process 
mferred when Response B, having 
been elicited previously by Stimulus A, 
will also be shown to be elicited ly 
other stimuli similar to A: 050, 087, 
34a, 409, 501, 55a 
and transfer, 089-090; summary, 303 
Glasses, experiment on influence of 
wearing, 136-138 

Goal Gradient — Name for observation 
that blinds are eliminated in animal 
mote learrdng in an order directly related 
to distance from goal box: 406, 4B7 
Goal object, set Incentive 
Goal-reinforcement theory, 473 f. 
Group dynamics, 203 
Group responses, as measure of effect 
of frustration, 030 
Gunsight, experiment using, 414 

Hand Stylus — Pencil-like object usually 
used to trace indented path qf syba 
mate: 164, 388 
Heart rate, 164 

Heterogeneous Reinforcement — Shift 
in form of reinforeenant from that 
origintdly required to evoke unconditioned 
response to farm which would not itsdf 
elicit unconditioned response: 379 
Higher-Order Conditioning — Con- 
ditioning m which the conditioned stimulus 
is used as a new uneondiliorud stimulus 
to develop response to new conditiotud 
stimulus; 378-379 
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Hoarding, as measure of response to 
frustration, 329 

Human yardstick method of measuring 
responses, 237-239 

Hunger, experiment on response modi- 
fication by, 131-132 
Hunger motive, 163 
Hypnosis, as used to induce different 
motives, 133-135 

Illusion — Constant mat in visual par- 
ceptian: 26, 28, 124 
Incentive — Goal object (real or symbolic) 
toioard which the organism approaches 
(reward) or auu^Jrom which it with- 
draws (punishment): 166 f.; tee also 
Consequences, Negative and Posi- 
tive Incentive, Primary and Sym- 
bolic Incentive 

experiments on variation of in 
learning, 179-185; in work, 569- 

Independent Variable — The stimultts 
variable manipulated by the experi- 
menter: 5 

Inhibition, External — Sudden and 
temporary decrement in response to condi- 
tioned stimulus (during training) pro- 
duced by a foreign sHmidus: 368 
Inhibition, Internal — Hypothetical 
process sometimes used to account for 
decrement in conditioned response during 
experimental extinction; 368, 373 
Instructions, influence on concept 
formation, 451-452; on conditioning, 

346-347 

Intelligence test, 157, 223, 227, 560 
Interference, 550, 551 
Interpolated Learning — Learning 
inserted between original teanting and 
retention test to produce retroactive 
irdiibition: 545 

influence of degree of, 547-548; of 
amount, 548-549 

Intrusion — Occurrence of a response 
udiich was appropriate for an earlier 
task but ina^opriate for the present 
one: 292 

Judgment time, experiments on, 77-79, 
97-100, 107-110 
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Jumping Stand — Device used with rats 
to study discrimination learning and 
conjlict-induced frustration; 250, 251, 
255, 261, 263, 264, 269 

Kinesthetic cues, as secondary rein- 
forcement, 361 
in maze learning, 425 

Knee jerk, 164 

Knowledge of performance, influence 
on multiple-response learning, 4t4- 
417; on work, 571-572 

Kymograph — Slowly rotating drum 
covered with waxed or smoked paper 
which records movements tf markers on 
its surfaces used in many kinds of 
studies, especial^ those tohich are physiolo- 
gtcal in nature: 163 

Labelling, experiments on effect of, 
I49-J54 

Latency — Time between presentation of 
stimulus and evocation of response: 77, 
97, loi, 108, 351, 546 
as measure of conflict-induced frus- 
tration, 254r256 

Latent Learning — £«i>mis|g which, in 
so far as experimenter can tell, has 
taken place in the presence of neutral 
consequences only: 486-493 

Law Of Effect — Assumption that reduc- 
tion in motivation produced by primary 
incentive, or mere presence of symbolic 
incentive, tends to strengthen or select 
responses which are temporally contiguous; 
170; see also Goal-reinforcement 
theory 

Learning — Acquisition qf new responses 
or enhanced execution of old orus: 19, 
1 17, 156, 340 f., 509; but see also 
definitional problems 
central problems of future research, 

505-507 

definitional problems, 340 
theories, 466 f. 

Learning curves, 349-351, 391-398 
constant-number-(ff-triaIs method, 

391-393 

individual, 397-398 
trials-to-criteria method, 393-397 
Vincent-Kjerstad method, 293-294 
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Learning-How-To-Learn Transfer — 
Positive trcmtfer in learning successive 
sonnies of same class qf matertal which 
is not attributable to specific similarity 
relationships: 305-307, 339 
Length of task, influence on multiple- 
response learning, 419; on thinking, 
439-44" 

Letter writing, in work studies, 559 
Level of abstraction, 443, 444 
Level-Of-Aspiration Technique — 
Technique which requires S to make 
estimates of his future level of per- 
formance; 196, 310 
Limen, see Threshold 
limits, Method Of — Pqjfchophysieal 
method which consists in varying a 
stimulus along a given dimension and 
findittg a point at which it evokes a 
response 50 per cent qf the time 
(absolute threshold), or at which point 
it is judged difftteni from a standard 
stimulus go per cent of tiie time 
(diffirence meshold); sometimes 
called method ofttmimal change; 46 f. 
experiments illustrating, 36-63 
summary, 63-64 

Line drawing, experiments on, 40-43, 
416 

Linear interpolation, 67 
Longitudinal Analysis — Research which 
attempts to trace development qf stimulus- 
response relationsitips : 117 
Long-Trace Conditioning — Candi- 
tioned stimulus precedes but does not 
overlap unconditioned stimulus and time 
between cessation qf conditioned stimulus 
and onset of umonditianed stimulus is 
five seconds or more; 353 


passed Training — Training in which 
trials are given in rapid succession 
wiOi little if arty time intervening 
between successive units of work: 365 
influence on conditioning, 365-366, 
368; on muldple-response leam- 
ing, 398-407; on retention, 540- 
54a; on thinking, 436-439; on 
work, 588-591 
theory, 37*> 40? 


Maturation, 340 
Maze learning, 435-437 
Maze, see Elevated Maze, Multiple. 
Choice Maze, Mulliple-T Maze 
Multiple-U Maze, Raised or Finger 
Maze, Simple T-Maze, Straight- 
Alley Maze, Stylus Maze, Water 
Maze, Y-Maze 

Meaningfulness — Attribute of verbal 
material which for arty given rmit is 
defined by (i) time required for unit 
to evoke an association, or (3) number 
qf associations evoked daring a given 
interval qf time: 386, 410, 445 
influence on multiple-response learn- 
ing, 410-413; on retention, 538- 
530; on reminiscence, 530-531; 
on thinking, 445; on work, 583 
Memory, in thinking, 447-449. 459-461 
Memory Drum — Device used to present 
verbal units for short, constant intervals 
of timet laa, 386, 387 
Memory Span — Number of units (sudt 
as numbers or letters) xMch on the 
average can be reproditced correctly qfUr 
a single presentation: 549-550 
Mental age, influence of frustration 
on, 831, 333-334 

Mental multiplication, in work, 560 
Method of absolute judgment, see 
Single Stimuli, Method Of 
Miniature System — Tightly knit theore- 
tical tystem devised to explain a very 
limited set of phenomena: 473 
Minimal changes, method of, see 
Limits, Method Of 

I Mirror star-tracing, 308; see also, Bi- 
I Lateral Transfin: 

Motivation — Logical construct referring 
to a state of the organism which is 
assumed to vary directly as the level 
of tile activity of the organism varies,' 
used here as synonymous until emotion; 
a primary variable in learning; 19, 
1 18, 156 f., 468, 470 
and emotion, 303, 376-379 
and rate of work, 568-575 
contradictory, 349 
directing r61e of, 163, 166-170 
emphasizing r61e of, 163, 169-176 
energizing rdle of, 163-166 
functional characteristics of, 163 
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in contiguous-conditioning theoryi 
480; in goal-reinforcement theory, 
474; in perceptual-learning theory, 

476-477. 

manipulation of, 176 f. 
summary, 198-199 
terminology of, 161 

Motive, Derived — Motive which, unlike 
prmeay motive, does not have known 
direct physiological basis} invoked by 
^bolic incentive : 163 
Motive, Primary — Motive which has 
known physiological basis, e.g., hunger 
and thirst! 161, 304 

Motor responses, as meastu'e of frus- 
tration, 313-314 

Motor-verbal dimension, influence on 
retention, 536-540 
problems of measurement, 538-540 
Movement Error — Constant error in 
visual discriminations (e.g., Mutter- 
Lyer illusion) produced by a bias in the 
mechanics of moving the variable stimulus 
imcird as compared witit nrnmg it 
outward! 39 

Movement perception, experiment on, 
48-45 

Mtillei^Lyer illusion, 36 f., 81, 134 
Multiple-Choice Maze — Maze, used 
with ammals and humans, in which 
each choice point qffers more than two 
altematiaes! 367, 389, 434 
Multiple-choice problems, 435-436 
Multiple-Response Learning — Integra- 
tion <f series of respotues to a series 
of more or less discrete stimuli: 384 f., 
430, 433 , 507, 5 ” 
methods of response measurement, 
391-398 

motor tasks used in, 390-391 
summary, 438 

tada and procedures defining, 385 f. 
variables influencing rate of, 

398 . 

verbal-motor tasks used in, 388-390 
verbal tasks used in, 386-387; 
methods of presenting, 387-388 
Multiple-T Maze — Maze, used with 
ammals and humans, constructed as a 
series of simple T-mazes: 388, 389, 
435, 463, 486, 488, 515 
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Multiple-U Maze — Maze, used witii 
animals and humans, constructed as a 
series if U‘s: 388, 389, 40S, 435 
Muscular tension, as measure of moti- 
vation, 157-159 

experiment on induced, 187-189 


Nationality preference, experiment on, 
104-105 

Negative Incentive — Incentive produc- 
ing withdraweU response: 167, 179, 181, 
501-503, 506 

Negative Time Error — Elrrsr m which 
second of two equal stimulus magnitudes 
is judged greater than the first: 73 f. 

Negative Transfer — Mibition of per- 
formance produced by prior learning! 
s8if. 

in animal learning, 311-313 

Nonsense Syllables — Three-letter units, 
not forming an English word, used in 
learning experiments: 188, 191, 393, 
395 , 399 , 335 > 330 , 386, 399, 410, 
493, 494, 440, 514, 5i8> 598, 531, 
536, 537 , 540 


Obstruction technique, 304, 305 
Ohms — Unit of electrical resistance used 
to guant^ pyichogalvamc response; 108 
Olfactory preferences, experiment on, 
105-106 

Opinion, as index of attitude, 89 
Optimal learning eflSciency, 437-438 
Orientation in maze learning, 436-437 
Oscillator — Special tone generator used 
to present pure sounds; 60 


Paired-Associate Technique — Method 
used pirmarify with verbal txrden^ 
wherein S is presented a series of pairs^ 
words, the first member of each pair 
being the stimulus ami tiu second the 
response; 386-387, 314, 386-387, 408, 
511, 536, 535 

Paired Comparison, Method Of — 
Method for studying itiserintinal 
processes in which each stimulus in 
a set is conned with eouy other 
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stimulus in ths set with regard to a 
given characterisiie by presenting the 
stimuli in pairs: 95 f. 
illustrative experiments, 97-103, 1S3, 
141 

summary, 103 

Perceptual bias, experiment on, 194- 
195; see also Constant Error 
Perceptual-learning theory, 475 f. 
Performance changes, as measure of 
conflict-induced fhistration, 264-371 ; 
of learning, 340-341 ; of motivation, 
157-1595 of frustration, 219-230 
Physical Stimulus Dimension — Stim- 
tilus dimension described in terms of 
physical scale: 10, 35 
Pitfdi discrimination, experiment on, 

1 19-121 

Pitch scale, method for deriving, 85-87 
Place learning, by animals in mazes, 
478. 493 

eiqterimental illustration of, 495-496 
vs. response learning, 496-500 
Poetry, retention of, 528 
Point of Subjective Equality — Physical 
stimulus saliu tf the variable stimulus 
which is subjective^ equal to a standard 
stimulus value: 27 

Positive Incentive — Incentive producing 
approach response: 167, 1B2 
influence of varying amounts, 183- 
184; of varying degrees, 182-183 
Positive Time Error— -ISwr in which 
second of two equal stinudus magnitudes 
is Judged to be less than thefrst: 72 f. 
Positive Transfer — Facilitation of per- 
formance produced by prior learning: 
981 f. 

Practice days, statistical value of, 

332-334 

use of, 332-334 

Practice effects, counterbalancing of, 
30 f., 324 

Praise and rqnroof, eiqieriment on, 184 
Primary Incentive — Incentive appro- 
priate to primasy motive: 1 75 
Primary Reinforcement — Receipt of 
prvnaty incentive, such as food: 175 
Primacy Variables In Learning — 
Conditions necessary for learning to take 
place: 467 f, 

Primitivatioii, see Regression 


Proactive Inhibition — Decrement in 
retention of task as a consequence qf 
other learning coming prior to the 
learning of the task on iMch retention 
test is made: 544-550, 553 
important variables, 546-549 

Problem Box — Any of a variety of boxes 
used in studying animal learning in 
which the animal must discover the 
correct response to gain exit: 348, 484 

Projective Test — Ambiguous stimulus 
situation which is presented S unth 
instructions to interpret or tell what he 
perceives: 131, 214, 216; see also 
Thematic Apperception Test, 
Rorschach Ink Blot Test 
as measure of reaction to frustration, 
314-216 

Proprioceptive cues, see Kinesthetic 
cues 

Pseudo-Conditioning — False condition- 
ing udiieh occurs as a result of 
presenting meonditioned stimulus only: 

357-35S, 506 

implications of, 358 

Psychogalvanic Response — Change in 
resistance qf skin thought to be a function 
of autonomic nervous system activity ; 1 08, 
*64. 346, 366, 377 

Psychological Stimulus Dimension — 
Stimulus dimension without a physical 
scale applicable for description: 10 

Psychophysical Methods — Methods 
customarily used to study stimulus- 
response relationships in situations 
where stimuli are varied along a plffsical 
dimension: 25 

Pursuit Rotor — Device for studying 
learnings consists qf spinning disc with 
dime-sized target on which S leartu to 
keep a loose-jointed stylus: 390, 405, 
519, 537 

Puzzles, used in studying thinking, 
436, 437. 438, 439 

Questionnaire, measurement of ihis- 
tration by, 217 

Raised Or Finger Maze — Maze, used 
with humans, in udiich path is raised 
slightly above level qf base board oM S 
traces wttiijinger: 388, 424, 425 
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Random order, of conditions, 37, 330 
Rank Order, Method Of — Method 
for studying disctimnal processes in 
which S arrmges a group of stimuli in 
series according to amount of a given 
characteristic possessed by each: 103 f. 
illustrative experiments, 104-106 
summary, 106 

Rate of conditioning, 352-353 
Rating scale, use of, iii, 106, 137, 
I 39 » 'SOi ai 7 - 9 i 9 , 232 
Rational Learning Problem — Problem 
used in studying thinking; numbers cue 
arbitrarily ptdred with letters and S must 
discover and remember which number 
goes wiA each letter: 433-434 
Rationalization — Besjmnse to frustration 
which tends to protect individual from 
failure by providing excuses for behavior: 
2og, 211 

Reaction time, see Latency 
Recall measures, 51 1-312 
Recognition measures, 512-513 
Reconstruction measures, 513 
Reduction Screen — Device far limiting 
sharply the visual frame of reference: 35 
Regression — Response to frustration in 
which organism reverts to behavior 
that was appropriate at an earlier age 
level; a form of p^chological with- 
drawal: 208, 220, 221, 227, 264-269 
in children, 220-223 
in rats, 264-269 

Reinforcement — Receipt fan incentive: 
1 75 ; see also Differential Reinforce- 
ment, Heterogeneous Reinforce- 
ment, Primary Reinforcement, 
Secondary Rei^orcement 
influence of different ratios on 
conditioning 366-368, 506 
periodic, 177 
Relearning measures, 512 
Relevance, of item on attitude scale, 
99-93 

Reminiscence — Improvement in recall 
until passage qf time following 
learning: 516 f. 

design of eiqieiunents to measure, 
5 J 7 

in pursuit-rotor learning, 519-520 

problems of, 520-521 

mth verbal materials, 518-519 
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Remote Association — Association 
formed between two items which are 
spatial^ and temporally separated by 
other items m a suial list; may be in 
forward or backward direction; 419- 
423 > 507 

methods of study, 421-423 
nature of, 422-423 

Repression — Response to frustration 
\ consisting of excessive forgetting; a form 
I of psychological tvilhdrateal: 208-227 

Reproduction, in retention, 511 
Respiration rate, 164 
Response — Observable change in behavior 
effected by muscles or glands: i 
Response learning, in mazes, 496-500 
Response Variable — Change in behavior 
attributed to stimulus variable; the 
dependent variable: 6 
Responses, reflex, 164 
Rest-interval activity, requirements 
of, 403 

Retention — Positive aspect rf memory; 
amount remembered under specified 
conditions: 509 f,; seo also For- 
getting 

curves, 514-516 

factors influencing rate of, 513 f.j 
summary, 550-55* 
summary, 553-554 
theory of, 55*-553 

Retroactive Inhibition — Decrement in 
retention rf a task as a consequence qf 
other learning coming between original 
learning and retention test: 544-550, 
558 

important variables, 546-549 
Reversed-alphabet printing, 402 
Rivalry, experiment on, 185-187 
Rorschach Ink Blot Test — J^sc/ibs 
test consisting qf series qf symmetrical 
ink blots: 215 

Rotary Cage — Dunce used to measure 
activity level of animals: 163 
Rote Learning — blame sometimes applied 
to serial and pabed-assoeiate leasning: 

385 


Salivary response, 24S, 344, 351, 370 
Satiation, in work, ^3-586 
Savings scare, 512 
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Scale, Extensive — Dmensim which has 1 
been guantyied so that all units arc \ 
egual, which has on absolute zero, and 
addiHoe pri^riies ; S1S4: 

Scale, Intensive — Dimension which has 
been gmmtilied only in terms qf rank 
order qf magnitude of characteristic under 
consideration; 81, 84 
Scientific attitude, description of, 31 
Scientific GeneraUzation — Extension 
of ewpiried fadings beyond specific 
canditians and subjects from which 
findings were derived: 337-339 
Search, in thinking, 430 
Seashore Measures of Musical Talent, 
80, I 19 

Secondary Reinforcement — Eeeeipt 
qf symbolic incendoe; 171-176, 359, 
360, 367, 49a. 505-506. 526-537 
Secondary Variables in Learning — 
Variables which cause rate of learning 
to vary but absence of which does not 
prohibit learning from taking place; 
467 f. 

Sense modality, infiuence on learning, 
4 * 9 . 427 

Sensory pre-conditioning, 364, 506 
Sentence completion tests, 560 
Serial Learning — Learning in which 
A is the stimdus for response B, B the 
stimdus for response C, C the stimulus 
for D, etc.: 394, 386-387, 419-435 
Serial position, 396 
Set — (1) Relationship between formd 
instructions given S and petfortrurnee 
fallowing instructions; or (s) Relation- 
shy> between previously acquired 
methods of solving problems and 
current performance in solving prob- 
lems; iSg-igo, 447 
eseperiments on variation of, 189-193, 
447-455 

influence on thinking, 447-455; on 
work, 574-577 
polari^ of, 99 
Sex motive, 163 

Short-Trace Conditioning — CotuR- 
tioned stimulus precedes but dies not 
overlap uneonditiomd stimulus and itme 
between cessation qf conditioned stimulus 
and onset of unconditioned stimulus 
is one-tentii to five seconds: 353, 355 


Similarity — Degree if homogeneity 
among objects or symbols; must be 
defined operationally by dimensionaliz- 
ing the many attiibutes uMin which 
degrees qf homogeneity mm prevail: 
386 f. 

and reminiscence, 331 

as defined by formal identity, 393. 

301; by meaningfulness, 301-303 
dimensional variations in, 393-304 
formal, in motor task, sg6, 586; in 
figural designs, 398-399; in paired 
nonsense syllables, 393; in serial 
verbal tasks, 394-395 
in code learning, 409 
in perceptual learning theory, 

478 

in transfer of work decrement, 586- 

587 

influence on multiple-response learu- 
ing, 407-41 oj on retention, 530- 
531; on retroactive inhibition, 
546-547; on thinking, 445-447: 
on transfer, 386-314; on work, 
580-581 

non-dimensional variations in, 304- 
3*3 

Simple T-Maze — Maze, used with 
animals, constructed l^e a T, thus 
having a single choice point: 168, 350, 
265, 318, 349 , 360, 367, 476, 49a. 
49O 

Simultaneous Conditioning — Condi- 
tioned stimulus precedes and overlaps 
unconditioned stimulus and time between 
onset qf conditioned stimulus mid un- 
conditioned stimulus may vary from zero 
to five seconds; 353-355 

Single Stimuli, Method Of — Metitod 
for studying diserimmti processes by 
presenting S with successive stimulus 
and requesting a judgment concerning 
these stimuli along a specified dimen- 
sion; sometimes called meAod qf 
absolute judgment; 71, 106 f., 133, 
134 

illustrative experiments, 107 f. 
summary, 114 

Skin color, experiment on judgment 
of, 138-140 

Skinner Box — Device used to stiuly 
problems qf leammg and moiwation with 
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rats; consists of box unlh a small Ucsr 
whiA when pressed releases a pellet qf 
food: 179, i 77 i 348. 350. 359 . 

369. 376. 430 . 447, 483 
Socied facilitation, 573 
Sodbl Variable — Condition which 
isifiumces (or which may influence) 
behavior of members rf group toward 
each other or of one group toward 
another: 333 

problems of matching groups on, 

933-934 . ! 

Space Error — Constant error in visual 
discriminations {e.g., MiUler-Ljer 
illusion) produced by bias in Judging 
standard to Iqft as compared withjudghg 
it to right: 39 

Spatial relations, in thinking, 461 
Spinal Conditioning — Conditioning 
which takes place when higher brain 
centers have been severed; 385 
Split-Litter Technique — Method qf 
forming grouju of rats with twar-equal 
heredity and ages by dividing litters 
equally among all groups: 176 
Spontaneous Recovery — Increase in 
strength of conditioned response with the 
passage qf time following extinction; 

376-377 

Spread Of Effect — Strengthening of 
punished responses contiguous to rewarded^ 
responses: 500-504, 507 
Spring cage, 163; see also Tambour- 
Mounted Cage 

Stanford-Binet Test of Intelligence, 
79-80, 333 

Stimulus — Event which elicits a re- 
sponse: I 
external, s 
internal, 3 

Stimulus Dimension — Stimulus variable 
which has been dimensionalized: 8 
Stimulus Variable — Cotdition known 
to influence response of organism in a 
given situation; 3 

Stimulus Variable, Manipulable — 
Characteristic of environment, including 
task, udtieh experitturUer may vary and 
control: 6 

Stimulus Variable, Potential — Stimu- 
lus condition whose injkenee on a given 
phenomenon is unknown: 3 
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Stimulus Variable, Subject — Charac- 
teristics of S (e.g., age, intelligence, 
sex) which influence resjmses: 6 

Straight-Alley Maze — Maze, used loith 
animals, constructed as a single cUley 
with no blinds; 348, 373, 374, 348 

Stylus Maze — Maze, used with huntaru, 
in which (As path is cut or indented in 
the base board and S traces with hand 
stylus or with pencil; 3B8, 435 

Successive vs. single reproductions, 
599 , 594 

Syllogism — Problem used in studying 
deAative thinking; S is given two or 
more premises and is asked to indicate 
the conclusion which most logically 
follows from the premises: 445, 455, 

456 

Symbolic Incentive — Stimulus which 
has incentive characteristics as a result 
qf association with primary incentive: 
1 66, 170-176 

Systematic randomization, see Design 
Method IV 


Tachistoscope — Device for exposing 
materials for very short intervals: 60, 
75 . 98 

Tambour-Mounted Cage — Device for 
measuring activity level qf animals by 
recording movements of animals via 
pneumatic system on which cage is 
mounted: 163 

Tapping test, 305 

Taste preference, modification of, 
135-136, 140-144 

Temporal Conditioning — Conditioning 
which occurs when unconditioned stimulus 
is presented at regular intervals but for 
which there is no discrete conditioned 
stimulus; 354 

Temporal Contiguity — Primary variable 
in learning; rqfers eiOwr to (i) time 
between conditioned and unconditioned 
stimulus, or (3) time between response 
and consequence: 336, 353, 461, 468, 

469-470, 505 

in contiguous-conditioning theory, 
481 ; in goal-reinforcement theory, 
474; in perceptual-learning theory, 
477 



636 GLOSSARY AND 

Thematic Apperception Test — Pro- 
JooHoe test in which S is shown pictures 
and is asked to write a brief story 
around charocters and actions depicted: 
ai5 

Thinking — The most complex form qf 
learning; intioloes die perception of 
relationships among stimuli : 439 f. 
and learning, 463-464 
anima l studies, 463-463 
descriptive analysis, 463 
descriptive characteristics, 430-431 
iuture research trends, 464-465 
problems illustrating, 433-436 
status of research on, 431-439 
auimusu7, 465 

variables influencing rate of, 436 f. 
Threshold, Absolute — Minimal physical 
stimulus value {or mammal for upper 
thresholds) which will produce a res- 
ponse 50 per cent of the Hme: 46 f., 

157. 370 

auditory, £0-63 
firustration, 937 

graphical determination of, 66-67 
measuring, in animals, 63-63 
two-point, 58 

Threshold, Difference — Plffsical stimu- 
lus change noticeable go per cent qf 
die Hme: 46 f. 

graphical determination of, 68-70 
Tilting Gage — Device for measuring 
activity level of animals; 163 
Time, and forgetting, 514-535 
Time Error — Constant error produced 
by an interval separating presentation 
twa stinudi by method qf constant 
stimuli; 72 f. ; see also Positive Time 
Error, Negative Time Error 
factors influencing, 74-77 
illustration of, 73 
theory of, 73 
Token experiments, 171 
Transfer — /Bjbsnes of previous experi- 
ences on current performanee: ig, 
381 f.i see also Bi-Lateral Transfer, 
Leaming-How-To-Leam Trans- 
fer, Negative Transfer, Positive 
Transfer 

and generalization, 387-393 
in industrial situation, 313 


SUBJECT INDEX 

influence of degree of first task 
learning on, 314; of number of 
previous tasks, 317; of time be- 
tween tasks, 330; of similarity, 
386 f. 

methods of measuring, 984-386 
secondary variables i^uencing, 
3i4-3at 

summary, 331-333 
units of measurement of, 385-386 
Transposition experiments, 463 


Unanalyzed Biases — Factors iiifiieneisig 
behavior which are thought to be 
mddentijied aspects cf, or products qf, 
leamisig and motivaiion; 118 
influence on discriminal processes, 
136 f.; on thinking, 455-459 
Uncoiditioned Response — Response 
elicited by unconditioned stimulus; 343 
Unconditioned Stimulus — Stimulus 
which before trmsung will elicit 
response to be conditioned t 343 
influence of complexity of, 364, 368 


Values, experiment on, loo-ioi 
Variable Error — Mon-systematic changes 
in response from moment to moment; 33 f. 
Verbal responses, as measure of frus- 
tration, 309-314 

Vicarious trial-and-error, 101, 356 
Visual imagery, 435 
Vividness, in contiguous-conditioning 
theory, 480 


Warm-up effect, 566 
Water Maze — Mage, used with animals, 
constructed so that anmal must swim 
dtrottgh mace under motiae to escape 
from water; 313, 390 
Weber’s Law — Law uduch states that 
just noticeable increment to cmy stimidus 
bears a constant ratio to that stimulus; 
54 £, 8a, 87 

Weight-liftmg experiment, 68, 73 
Whole vs. part learning, 418 
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Withdrawal — Rtspmse to frustration 
involving either physical or p^ehologi- 
cal escape: ao8, an, ai3, 356 
physical, 357-360 
psychological, 308, 360 
Word association, see Free-Association. 
Test 

Work — Continuous repetition if a res- 
ponse b^ond the point at which learn- 
ing ceases: 19, 555 f< 
general analysis, 561-563 
measurement problems, 563-567 
recovery from, 563, 589-590 
summary, 593-593 
task variables influencing rate of, 

579-586 

tasb used to study, 557-561 
Work curves, 556 


SUBJECT INDEX 637 

Work decrement, interpretation pro- 
blems, 565-567 
transfer of, 586-588 
Work Inhibition — Process irf erred to 
account for observed work decrement: 
56t-563 

characteristics of, 563 
relationship to other concepts, 
563-563 

Work satiation, 583 

Y-Maze — Maze used with animals and 
constructed to form a T, thus having a 
single choice point: 357, 389, 489, 490 

Zeigamik Effect — Tendon^ to recall 
more meompleted than completed tasks: 
sag 





